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automatically only over that set range in the 
desired position and preventing its opening or 
closing more than is safe in the event of instru. 
ment or air failure. 


The diagrams below illustrate the principle of 
this unique unit which offers refinery engineers 
so much extra value in accurate control and 


increased safety. 
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The Solutizer Process 


T IS desirable to remove mercaptans completely from 
gasolines by extraction rather than to convert them 
to disulfides. Aside from a reduction in the total sulfur 
content of the gasoline, the most important effect is an 
improvement both in the initial octane number and in 
the lead susceptibility, as disclosed recently in the litera- 
ture.™* In addition, improved light stability and inhibitor 
susceptibility may be expected in many cases. 

Only partial mercaptan removal can be obtained by 
using aqueous caustic solutions, inasmuch as the heavier 
mercaptans are very difficult to extract. The degree of 
mercaptan removal can be improved somewhat by in- 
creasing the caustic concentration up to a certain point, 
but thereafter there is no improvement, and the extrac- 
tion actually may become poorer. In a previous paper? 
it was shown that the extent of removal of a mercaptan 
from an oil phase by an aqueous alkaline solution is a 
function of the ionization constant of the mercaptan 
and of the relative solubility of the unneutralized mer- 
captan in the aqueous alkaline phase. As might be ex- 
pected by analogy with other homologous series of acids, 
the ionization constants of the mercaptans are not af- 
fected greatly by an increase in the molecular weight, 
but the water solubility of the mercaptan is reduced 
markedly. It was shown further that sodium hydroxide 
acts to salt out the unneutralized mercaptan from the 
aqueous phase, and this effect is greater for the heavier 
than for the lighter mercaptans. Our failure, then, to 
achieve complete extraction of mercaptans from gaso- 
lines using aqueous caustic solutions is due mainly to 
the poor water solubility of the heavier mercaptans, 


1 
© 2% Na OH 
@ 10% Na OH 
@ K-2 SOLUTIZER 


ISO PROPYL—-> @ 


uo 


‘\ 
ISO BUTYL—+on 


SEC. BUTYL 
‘ 
TERT. cs Mm 


x 
‘\ 


TERT AMYL—o 


EXTRACTION CONSTANT, kg 


o) 





l 2 3 4 5 6 7 
NUMBER OF CARBON ATOMS IN MERCAPTAN 
FIGURE 1 


Extraction of a Series of Pure Mercaptans from Iso-octane 
at 20° C. with Aqueous Alkaline Solutions 
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for the Extraction of 


Mercaptans 


D. L. YABROFF 
and 
L. E. BORDER 
Shell Development Company, Emryville, Cal. 
Shell Oil Company, Inc., Wood River, Ill. 





HE addition of suitable organic solvents or 
salts to an aqueous caustic solution imparts 
peculiar solvent properties to the resulting “solu- 
tized” solution, and leads to a greatly-enhanced 
removal of mercaptans from gasolines, Most gaso- 
lines can be sweetned realiy by extraction with 
such solutized solutions, and the results of a pilot- 
plant study are described. Solutizer sweetening re- 
sults, in many cases, in an attractive improvement 
in both the initial octane number of the gasoline 
and its lead susceptibility. The process has reached 
the stage, both in the laboratory and in the pilot 
plant, where it is ready for commercial application. 
This paper was presented at Ninth Mid-Year 
Meeting, American Petroleum Institute, at the 
Roosevelt Hotel, New Orleans, May 18, 1939. 











and this is magnified by the salting-out effect of the 
sodium hydroxide. 


PRINCIPLE OF THE SOLUTIZER PROCESS 


As a result of the above considerations, a rather ex- 
tensive study was undertaken, and it was found that 
the addition of suitable organic solvents or salts (“solu- 
tizers”) to an aqueous alkaline solution increased the 
solubility of the resulting solution for mercaptans, and 
led to greatly-enhanced extraction results. This is il- 
lustrated by the data in Figure 1, which shows the ex- 
traction of a series of pure mercaptans from isooctane 
at 20° C., using aqueous caustic solutions and a “solu- 
tized” caustic solution. The results are expressed in 
terms of the extraction constant, Kg, which is defined 


mercaptan concentration in the aqueous phase 
mercaptan concentration in the oil phase 





It is obvious, of course, that the higher the Kq values, 
the better will be the removal of the mercaptans from 
the oil phase under a given set of conditions. 
Referring now to Figure 1, it is noted that the extrac- 
tion constant drops off exponentially with an increase in 
the number of carbon atoms in the mercaptan for the 
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aqueous caustic solutions (curves 1 and 2.). The rela- 
tively small improvement obtained by increasing the 
sodium-hydroxide concentration also is apparent. The 
use of potassium hydroxide instead of sodium hydroxide 
gives slightly better results, but the magnitude is riot 
affected. Curve 3 of Figure 1 is for one of the better 
solutizer solutions. This curve is not linear, as was the 
case for the aqueous caustic solutions; and the extrac- 
tion constants decrease quite slowly in the region of the 
heavier mercaptans. The dotted lines leaving the main 
curve show the regular relation between the branching 
of a mercaptan of a given molecular weight and its ex- 
traction constant. The improvement brought about by 
the solutizer is very much greater for the heavier mer- 
captans than for the lighter ones. It may be noted, in 
passing, that the extraction constant for nmheptyl mer- 
captan with the solutized solution is the same as that for 
ethyl mercaptan with 10 percent aqueous sodium hy- 
droxide. 


NECESSARY PROPERTIES OF A SOLUTIZER 


A large number of materials have been tested as solu- 
tizers, among which were alcohols, glycols, glycol ethers, 
alkanolamines, alkylene diamines, diamino alcohols, qua- 
ternary ammonium hydroxides, ternary sulfonium hy- 
droxides, salts of organic acids, and many other com- 
pounds. Some of these materials enhanced greatly the 
extraction of mercaptans when added to aqueous alka- 
line solutions, whereas the effect of others was com- 
paratively small. In addition to improving the extract- 
ing power of the aqueous alkaline solution to which it 
is added, a solutizer must meet the following specifica- 
tions in addition if it is to be of practical commercial 
use. 

1. The solutizer should be very soluble in the aqueous 
caustic phase, and only slightly soluble in the gasoline. 
The small amount dissolved in the treated gasoline 
should be readily recoverable in some simple manner 
such as by water-washing the gasoline. 

2. The vapor pressure of the solutizer at elevated tempera- 
tures should be low in comparison to that of water, in- 
asmuch as the spent solutized caustic solution is to be 
regenerated by stripping with steam, a method which 
has been applied successfully on a commercial scale with 
ordinary caustic solutions. 

3. It goes without saying, of course, that the solutizer must 
not be decomposed nor changed in either cold or hot 
alkaline solutions. 


Of the large number of materials tested as solutizers, 
several are suitable for commercial-scale operation ; and 
of these, the salt of isobutyric acid is a stand-out. Either 
the sodium or the potassium salt may be used in aqueous 
solutions together with the corresponding hydroxide, but 
the potassium solutizer appears to be more universally 
applicable to different gasolines, and is preferred for this 
reason. Typical compositions of the solutions employed 
are from 4 to 6 normal in free hydroxide together with 
about 3 normal isobutyrate salt. 


PILOT-PLANT STUDIES OF THE ISOBUTYRATE 
SOLUTIZER 


From the laboratory stage, the process went to a small 
continuous metal treater, where several solutizers were 
tested and the superiority of the isobutyrate solutizer 
confirmed. Following this, a pilot plant was built to 
treat about 250 barrels of gasoline per day—with the 
following objectives in mind: 

1. To study the continuous operation of the process in order 
to discover and iron out any “bugs” which may have 
been overlooked in the laboratory and small continuous- 


treater stage. 4 ; 
2. To study the treatment of several gasolines of different 


types. 
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3. To obtain data for the design and operation of a com- 
mercial installation. This step consists, to a certain ex- 
tent, in checking and extending theoretical calculations 
which have been made by the method described in the 
previous papers’, and which have indicated clearly the di- 
rection of the optimum design and operating conditions. 


A simplified flow diagram of the pilot plant is given 
in Figure 2. Essentially, the gasoline first is scrubbed 
with a dilute sodium-hydroxide or tripotassium-phos- 
phate solution to remove any hydrogen sulfide and /or 
fatty acids, and then is contacted countercurrently with 



































FIGURE 2 
Simplified Flow Diagram of the Sclutizer Pilot Plant 


a regenerated solutizer solution in four stages consist- 
ing of separate mixers and settlers. The spent solutizer 
solution passes to a stripping column, and flows counter- 
current to the ascending steam; and in this operation 
the mercaptides are hydrolyzed and stripped from the 
solutizer solution. It may be noted here that 100 percent 
regeneration of the solutizer solution is not required, 
even when producing a doctor-sweet gasoline. However, 
only a certain definite quantity of mercaptides may be 
tolerated in the regenerated solution, and this amount 
depends largely on the type of mercaptides present, as 
will be shown later on. The stripping procedure em- 
ployed differs somewhat from the conventional type. 
The spent solutizer solution is diluted with water prior 
to its entry to the column; and the diluted solution, 
after descending the column, then is concentrated to 
its original strength in a reboiler. The vapors from the 
reboiler serve as the source of stripping steam. Calcu- 
lations based on laboratory data, which showed that 
the vapor pressure of mercaptans is higher above diluted 
solutizer solutions than above concentrated ones, indi- 
cated the superiority of this type of stripping, and this 
has been confirmed by pilot-plant operation. Photo- 
oT of the pilot plant are shown in Figures 3, 4, 
and 5. 

Table 1 summarizes part of the pilot-plant data, illus- 
trating the treatment of several different gasolines. It 
will be noted that a 95 to 250° F. (approximately ) 
cracked-gasoline fraction (which had already been given 
a plant soda treatment and then debutanized) could not 
be sweetened in the pilot plant using aqueous sodium- 
hydroxide solutions of 15 té 45 degree Baume strength 
(item 1). A reduction in mercaptan content of 80 to 90 
percent was the best obtained, even when using up to 40 
percent by volume of caustic solution. With an isobuty- 
rate solutizer solution, however, this gasoline was sweet- 
ened readily in three extraction stages using 20 percent 
by volume of solution (item 2). The same gasoline prior 
to the plant soda treatment and debutanizing contained 
about 0.17 percent mercaptan sulfur. It also was sweet- 
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TABLE 1 


Summary of Pilot-Plant Data (Unless Otherwise Noted) for the Extraction of 
Mercaptans from Gasolines with Caustic Solutions 









































Volume Mercaptan 

Ratio of Sulfur in Mercaptan Sulfur if 

Caustic Steam Gasoline Caustic Solution 

Solution Used for Percentage 

to Gaso- | Regenera- | Before | After of Tota Spent /Regenerated 

line in tion (Lbs. | Treat- | Treat- | Mercaptans| Solution Solution 

| Extrac- | per Gallon | ment | ment | Extracted | (at Equi-| (at Equi- 

Item| Caustic tion of Caustic from librium) | librium) 
No. | Gasoline Solution System | Solution)* Percent Gasoline | (Percent)! (Percent) Remarks 

1 95° to 250° F. (approxi- | 15° to 45° Baume 0.2-0.4 5-10 0.045 0.005 80-90 0.09 Ct GOORIN hake ck danencedrks 

mately) cracked (plant aqueous NaOH. 0.009 
soda-treated and debu- 
tanized). 

2 | Same asitem (1)........ 4.7N KOH-3N 0.2 5 0.045 Doctor | 99 (approx.) 0.13 0.02 Gasoline sweet after 
| KIB sweet three extraction 
stages. 

0.17 Doctor 99.5 (+) 0.91 0.55 Gasoline sweet after 





3 | Item (1) before plant | Same as item (2). | 0.2 | 5 
| sweet two to four stages. 


| soda-treating and de- 
butanizing.Tt | 
roe ——E 





0.10-0.15 Gasoline sweet after 











| 








| 























4 90° to 200° F. (approxi- Same as item (2). |0.2 and 0.3} 5 0.05 Doctor | 99 (approx.) | 0.25-0.30 
mately) mixed straight- | sweet three to four stages. 
run. | 
— | ——_—_-——- | -— | 
5 | 400° F.-end-point West- | Same as item (2) $ 0.3 5-10 | 0.065 0.015 77 0.11 ee: ES inne eee 
Texas straight-run. | 
6t | Same as item (5)........ 15° Baume aque- | 0.3 ee ieg 0.076 0.070 8 Ap ot he Three stages.{ 
ous NaOH. 0.076 0.069 9 (+) roe eee Six stages.} 








* In lu es steam for pre-heating. tContains about 50 percent butanes. t¢ Laboratory countercurrent treater. 


amounts of them may be tolerated in the regenerated 
solution as illustrated by this example. No particular 
difficulty was encountered in sweetening a 90 to 200° F. 
mixed straight-run fraction containing 0.05 percent mer- 
captan sulfur (item 4), but a full-range West Texas 


ened readily with solutizer under the same conditions 
after two to four stages of extraction (item 3). Of in- 
terest is the high mercaptide content of the regenerated 
solution in this case, viz., 0.55 percent sulfur. These un- 
doubtedly are the lower mercaptides, and appreciable 





FIGURE 3 q 


Pre-neutralizing and Extraction Section of the Solutizer Pilot Plant 
The two larger vessels at the extreme left are surge tanks for the spent and regenerated solutizer 
solutions. Mixers and interstage transfer pumps are seen below in the rear. 
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FIGURE 4 


Stripping Column of the Solutizer Pilot Plant 
The building houses, the extraction section, and the pumps. 


straight-run gasoline containing 0.065 percent mercap- 
tan sulfur could not be sweetened under the conditions 
employed—some 77 percent only of the mercaptans 
having been removed from the gasoline (item 5). 
Sweetening of this stock no doubt could be achieved in 
several ways: 
1. By circulating more solutizer solution. 
2. By use of more extraction stages. 
3. By blending the straight-run gasoline prior to treat- 
ment into another material containing mainly the 
lighter mercaptans. 
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For comparison, data from laboratory countercurrent 
extractions are included in Table 1 (item 6) showing 
that 15-degree-Baume aqueous sodium hydroxide re- 
moves less than 10 percent of the mercaptans from the 
West Texas straight-run gasoline. It should be men- 
tioned that the conditions employed in the pilot plant in 
making the above runs were not necessarily the opti- 
mum with regard to economy, inasmuch as it was de- 
sired mainly in this part of the study to observe the 
continuous treatment of several different gasolines. 
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Marked corrosion was observed in the steel tubes of 
the stripping-column reboiler, and this was found to be 
the usual caustic embrittlement by a metallographic in- 
This difficulty now has been overcome by 
substituting copper-nickel alloy tubes in the reboiler. 


vestigation. 


TABLE 2 


Effect of Sweetening Treatments on Octane Number and Lead Susceptibility 


Metal samples were taken throughout the rest of the 
pilot plant as well, and subjected to a careful metallo- 
graphic examination; and it was found that corrosion 
was confined almost entirely to the reboiler tubes. The 
pilot-plant study has disclosed several points of possible 








ASTM Octane Number 















































Plus 1 MI. |Plus 14% MI.| Plus 2 M1. | Plus 3 MI. 
Item | Tetraethyl | Tetraethyl | Tetraethyl | Tetraethyl 
No. Gasoline Treatment Unleaded Lead Lead Lead Lead 
1 | Full-range cracked—debutanized... .| Plant doctor-sweetened................... 70.6 74.9 77.0 78.6 
Laboratory copper-sweetened............. 71.4 75.2 77.4 79.1 
Laboratory solutizer-sweetened............ 71.6 75.5 78.0 79.4 
2 300° F.-end-point cracked—debutan- | Sour—0.04 percent mercaptan sulfur....... 74.0 
ized. Laboratory doctor-sweetened............. 72.8 
Plant doctor-sweetened................... 72.7 
Laboratory solutizer-sweetened............ 73.9 
3 90 to 200° F. mixed stright-run..... Sour—0.05 percent mercaptan sulfur....... 73.0 79.5 83.0 
| | Pilot-plant solutizer sweetened............ 74.0 81.5 85.0 
4 90 to 200° F. mixed straight-run.....| Sour—0.05 percent mercaptan sulfur....... 72.0 81.0 84.0 
Pilot-plant solutizer-sweetened............ Ss 83.0 87.0 
Laboratory copper-sweetened............. 80.5 83.5 
5 Full-range West-Texas straight-run. .| Sour—0.08 percent mercaptan sulfur....... 52. 59.5 64.5 
Pilot-plant solutizer-treated—0.017 percent . 
GUOTCROER-OUNIIE, 5 cis o's Secs 6:0 68S Salva 52.0 61.0 65.5 70.0 
Laboratory copper-sweetened............. 51.5 59.0 64.0 67.5 
6 126 to 292° F. straight-run (aviation | Sour—total sulfur=0.09 (9) percent; mer- 
stock). captan sulfur=0.056 percent....:....... 68.2 75.6 82.7 
Laboratory solutizer-sweetened—total sul- 
fur=O08 (B) getcettss coe cs sc ce a 68.6 79.3 86.2 


























eaate 


FIGURE 5 


Charging Pumps of the Solutizer Pilot Plant 
These pumps are, left to right: 


. Treated gasoline pump—(to storage). 
. Regenerated solutizer pump—(to last stage of extraction section). 
. Dilute-soda pump—(to pre-neutralizing section). 

. Spent-solutizer pump—(to stripping column). 

. Gasoline-feed pump—(to pre-neutralizing section). 
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TABLE 3 


Lead Requirements for Variously-sweetened Gasolines 








Milliliters of Tetraethyl Lead Per Gallon Required for the Following 
Octane Numbers 



































Item 
No. Gasoline Treatment 65 70 73 77 80 83 87 
1 Full-range cracked—de- | Plant doctor-sweetened................. 0.38 1.90 nas by 
butanized. Laboratory copper-sewetened........... 0.23 1.70 ae ae 
Laboratory solutizer-sweetened.......... 0.16 1.46 Sie Pas 
3 90t0200°F.. mixed straight- Sour—0.05 percent mercaptan sulfur... .. 0.40 1.03 2.22 5.40 
run. Pilot-plant solutizer-sweetened . ae 0.22 0.61 1.40 3.25 
4 “ 90t0200°F. mixed ‘straight- Sour—0.05 percent mercaptan sulfur..... aoe 0.53 1.20 2.40 5.60 
run. Laboratory copper-sweetenedf.......... Ay ee 0.57 1.32 2.75 >6 
Pilot-plant solutizer-sweetenedt......... aa 0.37 0.78 1.5 3.10 
5 Full-range “We est- _Texas Sour—0.08 percent mercaptan sulfur... PELE 2.13 4.20 Pe. 
straight-run. Laboratory copper-sweetened........... 2.32 4.65 * 
Pilot-plant solutizer-treated—0.017 per- 
cent mercaptan sulfur. . 1.75 3.50 
6 126 to 292 °F. straight-re run | Sour—total sulfur=0.09 (9) percent; mer- 
(aviation stock). captan sulfur=0.056 percent.......... 0.42 1.14 1.96 3.60 >6 
Laboratory solutizer-sweetened—total 
ee re, re 0.23 0.64 1.10 1.80 3.35 


























* Leaded octane-number points plotted quite poorly. 


t The initial octane number of the sweetened samples was assumed to be the same as that for the sour sample. 


improvement of a rather minor nature, and has indi- 
cated clearly that full-scale operation will lead to no 
particular difficulties when using a “solutized” caustic 
solution instead of an ordinary aqueous caustic solution. 

The pilot plant now is being employed to obtain more 
precise data on such factors, for example, as the mini- 
mum stripping-steam requirement as a function of other 
variables such as the volume of caustic solution circu- 
lated in the extraction system, the number of stripping 
plates, etc. Theoretical calculations have been made 
already along such lines; and the pilot-plant work, 
although not complete in all details, appears to confirm 
these calculations rather well. It may be of interest to 
show a relation which was calculated for the sweetening 
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FIGURE 6 


Theoretical Steam Requirements for Regenerating the Spent 
Solutizer When Producing a Doctor- 
Sweet Gasoline. 
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of a very sour cracked-gasoline fraction containing 0.36 
percent mercaptan sulfur, labelled gasoline A in Figure 
6. It is indicated that appreciable savings in steam may 
be realized by reducing the volume of solutizer solution 
circulated. This can be achieved as well by circulating a 
larger volume, but of a more dilute solutizer solution. 
Of interest also is the fact that very little saving in 
steam can be obtained by increasing the number of theo- 
retical stripping plates beyond about 10. The slope and 
magnitude of such stripping curves depend on the type 
and quantity of the mercaptans initially present in the 
gasoline. This is illustrated also in Figure 6 for gaso- 
line B, which contains only 0.055 percent mercaptan 
sulfur initially. 
EFFECT OF SOLUTIZER SWEETENING ON 
GASOLINE PROPERTIES 

The effect of solutizer sweetening on the octane num- 
ber and lead susceptibility is illustrated by the data of 
Table 2. The data may be summarized by saying that 
solutizer treatment either does not change, or improves 
by as much as one unit, the octane number of the 
unleaded gasoline in comparison to the sour stock; 
and in this respect it is superior to other sweetening 
methods. In addition, a marked improvement in lead 
susceptibility usually results. This is shown in Table 3, 
where the data of the preceding table have been ex- 
pressed as the amount of tetraethyl lead required to 
reach different octane numbers. The extent of the im- 
provement in initial octane number and lead susceptibil- 
ity resulting from solutizer sweetening must depend, to 
a considerable extent, on the prior treatment of the 
gasoline and on the amount and nature of the non-mer- 
captan-sulfur compounds present. 

The solutized solutions are such efficient extractants 
that they remove completely not only the mercaptans 
from the gasoline, but the alkyl phenols as well. This 
complete removal of alkyl phenols is not desirable, be- 
cause they function as oxidation inhibitors, and the 
stripped gasoline may be left very unstable with respect 
to gum formation. The astonishing extent to which a 
cracked gasoline depends on inhibitors for its stability, 
even a gasoline which has been well acid-treated, has 
not been realized previously. This fact has been over- 
looked, because truly ‘“‘uninhibited” cracked gasolines 
probably have not been obtained before. It is not pos- 
sible to remove the natural inhibitors completely by 
exhaustive treatment with aqueous caustic solutions, 

(Continued on page 203) 
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Laboratory Method for 
Indicating Road Performance 


of Motor Fuels 


HERSCHEL G. SMITH 


Gulf Oil Corporation 
Philadelphia, Pennsylvania 


T is admitted generally that the actual performance 
of an automotive engine affords the most definite 

picture of the quality of a fuel for the unit in question. 
The standard laboratory tests are necessary for con- 
trol of properties of a motor fuel, but usually the 
results may be considered merely as approximate 
indications of the characteristics. The industry long 
has recognized the need for a reliable and economical 
combination of a laboratory and performance test. 

After having studied this problem for several years, 
it was concluded that it would not be practicable to 
develop any test procedure that will meet all condi- 
tions, and that it would be best to attempt to elimi- 
nate as many of the mechanical variables as possible 
particularly those that are not tied up directly with 
the properties of the motor fuels—and to attempt to 
apply a performance test that, for a controlled array 
of operating conditions, might be as much a test on 
fuels and as little a test on engines as possible. Due 
to the enormous number of mechanical variables in 
design and in actual use of engines by the public, 
there may be a fallacy in attempts to develop a stand- 
ard actual road-performance test on both engines and 
fuels—although excellent work has been carried out 
and valuable information developed for some years 
by investigators along this line. Reported results of 
road tests are particularly illuminating as showing a 
great range in fuel requirements, particularly as to 
non-knocking characteristics—not only for various 
engines of a given make and model, but also for those 
of different design, age, and mechanical condition or 
adjustment. About as much success should be ex- 
pected from attempts to standardize the performance 
of all engines in the world as from efforts to stand- 
ardize the thoughts and performance of all individ- 
uals.: Fundamentally, the matter appears to resolve 
itself into three main problems: 

1. Design of engine that will give satisfactory average 

performance. 

2. Maintenance of equipment in proper mechanical con- 
dition for best operation. 

3. Provision of tuel at reasonable cost that will perform 
satisfactorily in engines meeting the above-noted con- 
ditions. 

Accurate road tests are tedious, and a number are 
needed to afford reliable average values for a given 
motor fuel. Such tests are too expensive to serve for 
routine control purposes in the manufacture of motor 
fuels, and the results generally are employed today as 
a guide in fixing the equivalent limits or values for 
the operation of less expensive standardized labora- 
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A LABORATORY method has been developed that, 
according to about two years of operating experi- 
ence, appears to indicate fairly satisfactorily the 
expected average road performance of motor fuels. 
Endeavor has been made to develop a method that 
involves a test as much on fuels and as little on 
engine variables as possible. It was concluded that 
the main difficulty with previously-proposed labora- 
tory methods lies in the time element for loading 
the engine and picking up speed; that it should be 
feasible to operate with standard multi-cylinder en- 
gines under controlled physical conditions with in- 
ertia loading as afforded by a flywheel of required 
weight and design; so that a time interval of about 
90 seconds is involved in loading within the range 
of speeds of interest; so that the observations can be 
made of the knocking characteristics on the fuel. 
We designate the method as the AIL test (accelera- 
tion-inertia-load). 

For fairly closely standardized semi-routine oper- 
ation for control purposes, full details of operation 
are outlined in the paper, with suggestions for vari- 
ations for application for more general studies on 
variations in conditions and fuels. Drawings and 
photographs of the unit, with suggestions for possi- 
ble further improvements and economies in design, 
are presented, 

Summary is presented of some comparative re- 
sults from AIL, road, and standard-laboratory sin- 
gle-cylinder-engine tests. 

According to results from a large number of sam- 
ples tested by this method for series involving deter- 
minations by engines of the three most widely dis- 
tributed makes of cars, reproducibility of results by 
our own laboratories under the specified conditions 
of test appear to be within a limit of error of + 1 
octane number. 

This paper was presented at Ninth Mid-Year Meet- 
ing, American Petroleum Institute, at the Roosevelt 
Hotel, New Orleans, May 18, 1939. 











tory tests with regular single-cylinder engines. From 
observation of road tests and study of reports, it was 
concluded that the main difficulty in development of 
a laboratory method that would serve the purpose of 
road tests lies in the time element for loading thé 
engine and picking up speed; that it should be feasi- 
ble to operate with inertia load, as afforded by a fly- 
wheel of suitable weight and design, either with or 
without a complementary brake or dynamometer 
load. Therefore, we designed and constructed a test 
unit along this line, and improved it as the operators 
gained experience in this specialized field. The rather 
consistent results from nearly two years of operation 
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have led us to place some reliance on the ratings by 
this method, as an indication of expected average 
road performance. 

If one arranges an outfit with the usual power ab- 
sorber in the way of an electric or water dynamome- 
ter, or friction brake, and attempts to test a fuel for 
knocking by operation of a regular multi-cylinder 
engine at normal load, with throttle open at probable 
maximum knock, the engine merely will accelerate 





ployed, so that two or three operators could progress 
from one to the next, and thus be able to carry out 
a much larger number of determinations in a work- 
ing day. 

The assembly with one of the three engines regu- 
largly employed is illustrated in Figures 1 and 2, the 
latter also showing the overhead thermostatically- 
controlled water-cooling system employed. Design 
details are shown in Figure 3. 





FIGURE 1 
Side View of AIL Test Unit 


in a very short time to high speed under load, so that 
the operator has insufficient time to observe perform- 
ance at the desired range of speeds; whereas the 
absorption of power by the inertia-load system, with 
the use of a flywheel of appropriate weight, with 
shaft on roller bearings, affords us a time interval of 
about 90 seconds for observations, somewhat of an 
amplification of the conditions encountered by a car 
operator in casually throwing the throttle wide open 
after starting from a traffic light. 

We have named our test the AIL test (accelera- 
tion-inertia-load) although this designation could be 
considered as referring to what “ails” the fuel. We 
have in this outfit a 2550-pound alloy-steel flywheel 
having inertia of the order of that of an automobile 
of average weight upon acceleration, in combination 
with a brake for deceleration in preparation for a 
succeeding test, with the necessary operating instru- 
ments and auxiliaries. The set-up is arranged so that 
one make of engine can be replaced by another with 
minimum effort—although a more extensive system 
would consist of one outfit for each engine to be em- 
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The details of operation are outlined best by copy 
of our Method No. 276, offered in our regular method 
form, as follows: 


AIL MOTOR-FUEL TEST 


Scope: Determination of the detonating properties 
of regular-grade gasoline in full-scale automobile 
engines. 

Apparatus: One standard Ford V-8, 85-horsepower 
unit; one standard Chevrolet unit; one standard 
Plymouth unit; the following accessories for each 
unit: 

Clutch, heavy-duty if available; standard passen- 
ger-car transmission; speedometer and speedometer- 
drive gears for the standard 5-passenger sedan model ; 
standard carburetor, except that a drain cock is fitted 
to the bowl to simplfy changing from one fuel to 
another; standard manifold heat control; standard 
ignition system ; 

One 240-horsepower hydraulic dynamometer; one 
special flywheel capable of being run at 3000 r.p.m., 
having a moment of inertia such that a torque of 
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FIGURE 2 


View of AIL Test Unit Showing 
Elevated Cooling System 


approximately 135 foot-pounds is required to give it 
an acceleration of 0.23-revolution per second per sec- 
ond. (A wheel in the form of a solid, right cylinder 
approximately 38 inches in diameter, 8 inches thick, 
and weighing approximately 2550 pounds, made of 
forged alloy steel having a tensile strength of more 
than 100,000 pounds per square inch, is satisfactory 
when properly mounted.) One tachometer and speed- 
ometer drive consisting of an auxiliary shaft driven 
by a V-belt from the dynamometer shaft, a flexible 
cable drive being taken from each end of the auxil- 
iary shaft; one chronotachometer to measure revolu- 
tions per minute, total revolutions, and time; one air- 
fuel ratio analyzer; one syncroscope for ignition tim- 
ing; one manifold vacuum gauge; one oil pressure 
gauge; five 32 to 212°F. dial-type gas-filled thermom- 
eters, two for measuring cooling-water temperature 
and one each for crankcase-oil temperature, dyna- 
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mometer water-outlet temperature, and flywheel- 
bearing oil temperature; one hygrometer with wet- 
and dry-bulb mercury thermometers to give room 
temperature and humidity; fuel-supply system to 
supply fuel for preliminary or warm-up runs, consist- 
ing of 2 underground tanks connected through 3-way 
valves to two 1-quart test-fuel containers which in 
turn are connected to the engine fuel pump; one 
engine-cooling system, connected to the engine 
through 2'%-inch hose and pipe, consisting of a 
120-gallon-per-minute 20-foot-head circulating pump 
drawing from a 50-gallon closed-coil cooling tank, 
the temperature of the cooling water through the 
coil being regulated by an adjustable thermostat to 
180°F. (+5 degrees); one 6-volt storage battery for 
ignition; one special test stand to accommodate the 
engine-transmission dynamometer-flywheel assembly 
and to afford means for mounting the instrument 
panel and controls. 


179 









i: align ipa ent ital theleb mdr 



























Reagents: Three secondary reference fuels covering 
an octane-number range from 40 to 90; standard un- 
leaded, uncracked aviation gasoline of 70.5 to 71.5 
octane number. 

Note: Each reference fuel should be of a type that 
does not change in performance characteristics within 
a reasonable time in storage, and of a volatility re- 
quiring no change in the induction system from the 


a double 10-inch Morflex coupling, to the hydraulic 
dynamometer, and connecting the dynamometer 
through a No. 2 fast coupling to the special flywheel. 

Run the engine, using regular motor gasoline as 
the fuel, until the coolant and oil have reached the 
desired operating temperature; then carry out the 
complete test cycle several times to be sure that all 
parts are functioning properly. 
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FIGURE 3 
Details of Design of AIL Test Unit 


conventional adjustments for ordinary motor fuels. 
To permit comparison of data with other laboratories, 
it is preferable to use secondary reference fuels A, C, 
and F, available through the Standard Oil Develop- 
ment Company. 


PROCEDURE 


Test Conditions: 

Engine: The engine to be used in the test, if new, 
or if the carbon has been removed from it, must have 
been run the equivalent of at least 2000 miles at 45 
miles per hour with a 25-horsepower load (these con- 
ditions being considered approximately equal in effect 
to 3000 miles of average use in a passenger car) prior 
to the test, and then checked completely and adjusted 
according to the manufacturer’s specifications or rec- 
ommendations. 

Crankcase oil: A high-quality oil sufficient to fill 
the crankcase to the level indicated and of the grade 
recommended by the car manufacturer for the oper- 
ating temperatures of the test. 

Coolant temperature: 180°F. (+5 degrees). 


O peration: 

Note: For the purpose of establishing a working 
basis of comparison, always test the standard aviation 
gasoline at the beginning of a series of tests. All sam- 
ples being tested, as well as all reference fuels, must 
be at room temperature. 

Assemble the apparatus on the special test stand, 
connecting the transmission of the engine, through 
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Note: With some engines it is necessary to use an 
air blast over the engine, simulating the air stream 
of a moving car, to maintain proper oil temperatures. 

Drain the water from the dynamometer, so that the 
entire loading of the engine is effected by the inertia 
of the flywheel. 

Switch the engine fuel supply to the fuel tank con- 
taining the sample to be tested. 

Flush the engine fuel system so that none of the 
previously-run fuel remains. 

When the flywheel and engine have slowed down 
to the equivalent of 8 miles per hour, with the trans- 
mission in high gear, open the throttle to the point 
yielding maximum knock intensity over the major 
portion of the speed range employed. (This throttle 
opening varies with different carburetors and for dif- 
ferent engines and, therefore, must be determined 
experimentally, using a fuel in the octane-number 
range of the unknown sample. In most cases wide- 
open throttle will give the best results over the entire 
speed range.) 

In case the knock intensity of the fuel being tested 
is too low to give reliable readings, the ignition tim- 
ing may be set ahead to increase detonation. Ignition 
timing must not be changed during a series of tests 
on any one engine, but should be adjusted to give the 
proper knock intensity for those grades of fuel being 
compared before actual tests are started. 

Take knock-intensity observations as the speed of 
the engine increases, beginning at 10 miles per hour 
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and continuing at intervals of either 2.5 miles per 
hour or 5 miles per hour, as desired, until the maxi- 
mum speed—usually 35 miles per hour—is reached. 
“Miles per hour” in this case refers to the equivalent 
car speed for a given engine. 

Note: Rate the knock intensities as “none,” “trace,” 
“light,” “light medium,” “medium,” “heavy medium,” 
“heavy,” or “destructive.”” Two men will be required 
to make the test accurately: one, the operator, to 
watch the speed and attend to the fuel; and the other, 
the observer, to make the knock-intensity observa- 
tions. 

Note: The identity of the fuels being run should be 
unknown to the observer. Each test cycle should be 
given a code number to be used by both the operator 
and the observer. The operator will keep a record of 
the identity of the fuel corresponding to each code 
number, and the observer will make comparisons of 
knock rating by code number only. 

When the maximum desired speed has been 
reached, close the throttle and fuel-supply valve, and 
drain the carburetor bowl. 

Turn water into the dynamometer, thus loading the 
flywheel, and slow down the engine to’8 miles per 
hour. 

Turn the supply valve to the fuel bowl containing 
a secondary reference fuel, or a blend of two such 
fuels—which, it is estimated, will approximate the 
detonating properties of the fuel being tested—and 
flush a small amount through the carburetor, before 
closing the drain cock. 

Turn off the water, drain the dynamometer; then, 
if the temperatures of the coolant and oil are normal, 
open the throttle to the same position as was used 
with the sample being tested, and repeat the pro- 
cedure of accelerating to 35 miles per hour (or to the 
maximum speed used in the case of the sample being 
tested)—taking knock-intensity readings as before. 

Repeat the above tests, using other blends of ref- 
erence fuels, until two reference-fuel blends are found 
differing from each other by not more than three 
octane numbers—perferably two—one of which has 
an average knock intensity less than that of the sam- 
ple, and the other an average knock intensity greater 
than that of the sample. The test sample must be 
bracketed with a run on reference fuel, a run on the 
unknown, and then a run on the other reference fuel. 

From the CFR-ASTM calibration curve for the 
blend of reference fuels which matches the knock in- 
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tensity of the sample, determine the octane number 
of the sample. 

Notes: The most convenient method for arriving at 
the actual octane number of the sample is to assign 
numerical values to each degree of knock intensity, 
and take the sum of these numbers for each fuel to 
represent the average knock intensity. The AIL road 
rating usually reported is the average of ratings on 
the three different types of engines representing the 
three makes of cars having the highest domestic sales. 

As regards operating data, there is given herein- 
after a brief tabulation (Table 1) of some of the com- 
parative figures that have been secured when apply- 
ing this outfit to fuels studied cooperatively. It is 
interesting to note that the results from a series of 
tests tend to agree rather closely with the average 
values from a large number of road tests. In no case 
have we ever encountered such wide swings in values 
as have been reported for some road tests, although 
one would not expect such wide differences for an 
outfit which we have attempted to standardize as re- 
gards mechanical condition and operating details and 
for which, as noted in the above outline of the method, 
we first check each engine for performance value 
against a reserve supply of a standard fuel. 

The results from 246 samples tested by complete 
series on all three engines indicate reproducibility of 
results in our own laboratories of + 1 octane number, 
or less; or apparently about the same limit of error 
generally conceded for the ASTM-CFR method. For 
other results on single engines, no wider variation 
usually is encountered. 

Some details not shown in Figure 3 have been 
found to improve the performance. Although the fly- 
wheel carefully was balanced dynamically by a large 
turbine manufacturer, it was found that a very solid 
support is needed for the bearings carrying the heavy 
flywheel in order to minimize vibration that may 
occur—particularly in certain speed zones; therefore, 
auxiliary supports consisting of 6-inch channel irons, 
bent in the form of an inverted “U,” bolted to the 
base irons and to the large bolts holding the bearing 
boxes, were added—with marked improvement. As 
an additional means for reducing vibration, we filled 
with concrete mixture the space between the two 
pairs of side channel irons in the base of the unit, so 
as to provide a solid bedplate: Further improvement 
probably could be effected by surrounding the bear- 
ing supports by concrete blocks. For a new outfit we 





























TABLE 1 
Summary of Results as Octane-Number Equivalents by Four Test Groups 

SE Re Pe. Se erred rer reer. te Nee Bei ees ee 1 2 3 
ee ee | ere rrr rie or Pere ret hae yn 28 8 9 
ne ee Ce Ee Per ee Re Sk ey tee I* II I* Ill I* IV 
Method: 

Se a kona s, 9 68'S dice VA, boas © ewwisic ke: 5ipi yb WEN SSIS eA ery eee Tt Rae 73.0 72.9 72.5 71.8 

I oi b disc bp sev. s Bane wid oud FR AO ee aa 71.4 71.4 70.6 71.4 70.9 71.3 

ME DS. a5 506 dos. Bs Dini SO FAM hop RATE aot oceO dciaen eee ae AIL Road AIL Road AIL Road 

a rere ee he) ter eine re 71.9 70.6 70.6 69.5 71.5 72.0 

OO” An OI 5 ox 3) 5 5 a5s-do win au: ds 0.9 ie a ASN DRS Ee ee 71.8 70.9 69.8 71.8 71.8 

ORES SI oho cisic 5 Sin ais nonin Jctue «Cas gales bet kee cee pede eee 72.1 70.6 71.2 71.4 72.4 

OR CT Pe Ce ee ee Ee 71.9 71.5 70.7 70.2 71.6 72.1 
ARE ere. MES BI Ws so 5s 4 25.6 018.5 son ss, dp0ien D gion 5 Asie din ne Ramee eeeea +0.5 +0.1 ag: +0.7 oe 
Diced qt, AIG BO sw i. 605. in in 56.08 0 6.680 Sialele sas on aeiece ven teees +0.1 : —1.2 +0.8 
Range in deviation of road from AIL for series: 45 

ee eee rr re ere ee ees —5.9 to +3.5 —2.1 to +1.0 —1.7 to +1.8 

i ag eR ee ee rr ermriretrrr ere rs: Wma ero A 8e —3.5 to +0.5 —1.9 to +1.6 

“C”’ make of engine....... jie 069m ogee eee en ces esececereceeesssseneee sine pe een cine —0.9 to +1.5 —0.9 to +2.1 

Room aueraene cr “Ri,” “Bs eM ON iii. < aegise inne Swe Sane ek asenee, oo): - eee ee —1.9 to +0.7 —1.5 to +1.4 




















* Gulf, Refinery Technology Division. 


Notes: All fuels covered by this tabulation were different for all series. For series No. 1 the values for “range in deviation of road from AIL for series’’ are 
based on individual results for the AIL test for group I, but for group II on the respective average values from a large number of road tests on each fuel for the 
makes of engines indicated; thus the variations would be still greater in case the tabulation covered the full range of reported individual results for group II. For 
series No. 2 and 3, these deviation comparisons cover individual tests as indicated. 
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would use the next size larger roller-bearing assem- 
bly, and a 4-inch diameter shaft, and decrease the dis- 
tance between the bearings about 4 inches, or as 
much as feasible, as a possible means of further re- 
duction of vibration. The entire cost of this outfit 
(including the three low-priced engines) and instru- 
mentation was approximately $3100, or approximate- 
ly one and one third times the installed cost of one 
standard CFR unit. 

We have endeavored to employ, in the carrying out 
of this test, instruments for recording the noise devel- 
oped by the engine, with some degree of success— 
although so far we have not been able to secure or 
develop one for which some defects are not encoun- 
tered, particularly for the range of volume of noise 
often involved. We have concluded that the listening, 
or ear, method and system of recording the knocking 
intensity by tabulation of symbols, such as now em- 
ployed by the Cooperative Fuel Research Committee 
for road tests, is likely to be just as reliable as phys- 
ical instruments, or more so, and we now are employ- 
ing this method of recording in the same manner as 
for road tests. This method of recording sound obser- 
vations appears to involve no more limit of error than 
is encountered for other operating details on this type 
of test, as the operators appear to be able to check 
values within less than 1 octane number for repeated 
tests on fuels handled as unknowns. However, it ap- 
pears quite desirable to continue attempts to apply 
instruments for the study of knock intensities. 

As the first unit was built entirely as an experi- 
mental one, both a flywheel and a water dynamome- 
ter of adequate capacity were provided, so that the 
loading could be distributed in any degree between 
the brake and inertia load. In operation it was found 
that the flywheel would give the most satisfactory 
and reproducible results, with no load applied by the 
water brake during acceleration. However, the water 
brake proves useful for safely and promptly slowing 
down the mechanism for a succeeding test. Econ- 
omies could be effected by substitution of a smaller 
water brake or a friction brake, possibly with a little 
more delay in testing or increase in upkeep costs, 
and by the construction of several units at a time. 

An important point about an outfit of this kind is 
the arrangement of the cooling system so that reason- 
able control of the conditions can be effected. In the 
case of this unit we do not employ the usual radiator, 
but circulate by pump the water from an elevated 
reservoir consisting of an ordinary steel drum—the 
temperature of the water being controlled thermo- 
statically. As an economical means for cooling the 
system we employ a truck radiator immersed in the 
drum of water, through which separate cooling water 
is passed as required—thus reversing the usual sys- 
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tem by having the circulating coolant outside the 
radiator. In order to duplicate air currents in normal 
road operation in the absence of regular fan assem- 
bly, we employ a blower fan under the engine pan 
during the operation. 

The apparatus is very useful for indicating prompt- 
ly, for a given run-of-plant production, what varia- 
tions in numerical limits are to be applied for any 
given standard testing method for assuring uniform- 
ity of output as to road performance. 


SUMMARY 


It is realized that no particularly new principle is 
involved for this method, and that there is much to be 
studied and developed on the problem. This paper is 
offered for what it may suggest along this line, and 
with the hope that it will promote thought and dis- 
cussion. The method appears to serve the purpose 
about as well as any more expensive and involved 
testing procedure so far proposed. The industry is 
certainly in need of some method that will tend to- 
ward closer general agreement as to motor-perform- 
ance values. 

Although this paper deals mostly with the method 
as a routine one for fixed testing conditions, it can be 
seen readily that it is a very flexible one that can be 
used for research purposes in studying the effect on 
fuel performance of variations of cooling-water tem- 
peratures, for example, as applying to higher tem- 
peratures of truck operation, as well as a range of 
other readily-applied changes in operating conditions 
or varieties of fuels. Thus, along these lines, it is 
believed that it could be made a research tool of 
value. 

We also think that this method can be applied to a 
standardized single-cylinder testing engine, and are 
working on the development of a unit of this type— 
although some mechanical difficulties are involved. 
This system, with single-cylinder engine and high- 
temperature jacket conditions, also may have some 
further possibilities for aviation-fuel testing. This 
method of inertia loading could be applied also to 
chassis-dynamometer stands to duplicate the effects 
of acceleration of a car on a hill under actual road 
conditions—the rate of acceleration to be controlled 
by the size of flywheel and the gear reduction in- 
volved. 
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Field Installation of 
Chromium Sheet Linings 


In Pressure Vessels 


J. T. SHALER 
Standard Oil Company of California 
Richmond, California 


I< the last few years there has been wide acceptance 
of various types of metallic lining for pressure ves- 
sels used in oil refining when corrosion is a factor. For 
a long time, lined vessels of one type or another have 
been used in the chemical industries ; but, until recently, 
the oil industry chose either to replace vessels when 
corrosion had extracted its toll or to install various 
types of non-metallic linings which were low in cost but 
required frequent replacement. Recently, commercial 
fabricators of pressure vessels, alert to an increasing 
interest and demand, have offered several types of alloy 
lining to the oil-refining trade. As there is now consid- 
erable interest in this subject, it was thought that mem- 
bers of the oil industry would welcome hearing of 
experiences in lining existing vessels at operating plants 
rather than in fabricating shops. 

Primarily, linings are installed for corrosion protec- 
tion. A secondary benefit, protection against too rapid 
cooling or heating, is available in certain designs of 
lining. Still other types permit maintaining lower shell- 
metal temperatures—which is of considerable advan- 
tage in certain processes. 


Development of a Corrosion-resisting Lining 

Although the protection against too-rapid cooling has 
proved to be of considerable importance, it must be ad- 
mitted that corrosion resistance alone was being sought 
when the development of a satisfactory chromium sheet 
lining first was undertaken. Due to the nature of the 
stock handled, corrosion rates beyond all expectations 
were experienced in our first cracking units. The art of 
pressure-vessel welding in 1925 had not advanced be- 
yond the point where we felt justified in utilizing pres- 
sure vessels thicker than 2%-inch wall. In those days 
welds in vessels, even of that thickness, neither were 
stress-relieved nor radiographed; and riveted joints in 
these thicknesses were very unsatisfactory. The result 
was that corrosion allowance was avoided when its pro- 
vision threw the wall thickness into a range beyond 
2% inch. Actually, only about % inch corrosion allow- 
ance remained when all possible factors had been taken 
advantage of, including our own stress-relieving after 
erection. Investigation showed that corrosion rates as 
high as 0.1 inch per 1000 hours had to be provided for. 
Without lining, these vessels, costing $26,000 each, 
would be good for about 4 months’ service. Protection 
of some sort was, therefore, imperative for continued 
operation. 

Pressure-vessel linings, even chromium sheet linings, 
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HE field installation of chromium sheet linings 

in existing pressure vessels at refineries is de- 
scribed. Primarily, linings are installed for cor- 
rosion resistance, but the lining described also 
possesses a desirable heat-insulating characteristic. 
which protects the vessel against thermal shock. It 
is shown that uncontrolled introduction of water 
into unlined vessels can introduce stresses exceed- 
ing the proportional limit of the shell metal; where- 
as lining of this type limits cooling rates to safe 
values. 

Successful linings installed in the field have been 
used by the Standard Oil Company of California 
for more than 10 years. These were developed after 
experience with a number of other widely-used 
methods of protection. The fundamental soundness 
of chromium linings is established by the fact that 
practically all large pressure-vessel manufacturers 
now are offering some variety of this lining to the 
oil-refining trade, 

This paper was presented at Ninth Mid-Year 
Meeting, American Petroleum Institute, at the 
Roosevelt Hotel, New Orleans, May 17, 1939. 











were not unknown in 1925. A number of refiners were 
operating with various types of ganister and other re- 
fractory lining. Between 1920 and 1924, in earlier types 
of cracking units, we had learned of the resistance of 
high-chromium steels to this form of corrosion, and a 
number of vessels actually were lined. with chromium- 
steel sheets. However, all attempts to develop fully- 
successful protective linings failed due to inability at 
that time to obtain proper specification material com- 
mercially, to the undeveloped state of the art of electric- 
welding stainless alloys, and to lack of recognition of 
the proper method of bonding to the shell. Thus the 
method finally adopted and described in this paper was 
very similar to that known several years earlier and 
which had failed for want of sufficient appreciation of 
the factors just mentioned. 

In the interim almost every conceivable form of pro- 
tection that could be thought of by ourselves or learned 
from others was tried or considered. These included: 


1. Brick linings. 
2. Heat- and corrosion-resistant paints. 
3 


. Intentionally applying resistant coke layers through spe- 
cial methods of operation. 


. Portland-cement gunite coatings. 
Various refractory gunite coatings. 

. Portland-cement concrete cast in forms. 
. Chromium plating. 

. Sprayed metals. 


Some of these methods were employed on a large 
scale, and offered a means temporarily of checking 
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progress of serious corrosion until the development of 
the lining process which later is described in detail. 
Over about a two-year period certain vessels were pro- 
tected by chromium plating, followed by as many as 
three applications of different forms of gunite. Some 
chromium-plating jobs were excellent, and one 10-foot 
x 30-foot Dubbs evaporator in particular, protected in 





FIGURE 1 
Early Strip-Type of Chromium-Steel Lining. 


this manner, was in service for seven years with no 
repairs. However, the earlier failures discouraged fur- 
ther perfection of the plating methods, and the merit of 
the process was not recognized until after the more 
tangible form of protection of chromium-sheet linings 
had been developed. If the same continuous effort had 
been applied to improving chromium-plating methods as 
was applied later to developing chromium-sheet lining, 
it is possible that a practical process of protection by 
means of plating would have resulted. 

Therefore, it was after the earlier failures of chro- 
mium plating and the annoyance of repeated renewals 
of gunited linings that a re-awakening of interest in 
chromium sheet linings occurred. Chromium plating was 
giving quite a substantial protection to the major por- 
tions of the areas of about 30 vessels, but was failing in 
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spots and localized areas. As these failures became evi- 
dent, the local areas were covered with small pieces of 
chromium-steel sheet. Some of these repairs were only 
a few inches square, and were successful from the start. 
Larger areas were covered as the early plating failed, 
and soon we had reached a “patch” of such size that it 
failed due to cracking and bulging. It was only logical 
to go back to the success with the small patch, only a 
few inches square, and wonder why an entire vessel 
could not be lined in this same manner with the patches 
or strips joining. Obviously, this was an extreme con- 
sideration; but, as continued operation was important, 
and as larger areas were presenting themselves for 
protection at each shutdown, we set out, with this plan 
as a limit, to learn how little welding would be required 
to give a satisfactory job and how it best could be 
distributed. 

Figure 1 shows an early arrangement of this so-called 
“strip” lining, the separate strips in this case being 
about 3 inches x 10 inches. Numerous combinations of 
strip size and arrangement were tried, and reasonable 
success was obtained with 6-inch x 30-inch strips welded 
continuously to the shell with no intermediate plug 
welds. To meet the ever-increasing demand for a more 
satisfactory form of protection, several thousand square 
feet of vessel interior were lined by this method in 1928. 
This lining was installed in full realization that it was 
not the ultimate in satisfaction—but it served its imme- 
diate purpose, and provided a means of overcoming the 
effects of corrosion until better methods were available. 

Figure 2 shows part of the interior of a 10-foot x 
30-foot Dubbs evaporator lined with 6-inch x 30-inch 
strips. The exact identity and service history of the 





FIGURE 2 


Strip-Type Chromium-Steel Lining in 10-ft. x 30-ft. 
Dubbs Evaporator. 


lining shown in Figure 2 has been lost ; but no doubt it 
had had several thousand hours’ service, as evidenced 
by the dense laminated layers of coke in the lower part 
of the illustration. Coke has been chipped off the upper 
portions to expose the condition of the lining. It should 
be noted that oil is “weeping” from porous areas in the 
welds. Experience showed that this in no way limited 
the serviceability or protection afforded in cracking 
service. Some smaller strips appear in the left center. 
These were applied long before the entire vessel had 
been lined in order to give protection where the earlier 
type of chromium plating had failed in localized areas. 


Other forms of lining which were tried included arc 
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deposits of chromium steel. Some of these are shown 
in Figures 3 and 4. 

Figure 3 shows a section of vessel protected with arc- 
deposited metal. This method was very costly, and set 
up high internal stresses in the shell. Its use, accord- 
ingly, was confined to small areas, to flange facing, and 
to protection of areas wherein inaccessibility made it 
difficult to apply strip or sheet lining. Figure 4 shows 
the etched cross-section of a plate protected with arc- 





FIGURE 3 


Arc-deposited Chromium-steel Lining. 





FIGURE 4 
Etched Cross-section of Arc-deposited Lining. 


deposited metal, and illustrates the thickness and depth 
of penetration. This method still is employed in certain 
locations on vessels. 


Meanwhile our metallurgists were busy seeking better 
chromium sheet materials, better weld rods, and im- 
proved methods of application. These efforts finally cul- 
minated in the present practice of using special low- 
carbon grades of sheet, and plug-welding through 9/16- 
inch diameter holes on 4-inch centers, as shown in Fig- 
ure 5. For several years this has been our standard 
practice, and most of the early strip lining has been 
replaced with plug-welded “panel” lining, as the former 
gradually failed by bulging and cracking. Even the early 
installations of. plug-welded lining were not the most 
satisfactory due to failure to realize the importance of 
several factors later described. But, fortunately, the 
answer to the corrosion problem was found just when 
it was needed most, and plug-welded chromium sheet 
linings, installed in the field, now have been employed 
successfully by Standard Oil Company of California 
for more than 10 years. 


INSULATING EFFECT OF LININGS 


In the operation of most refinery vessels, especially 
cracking equipment, the cycle of operation is such that, 
once the unit is “off stream,” every hour of shut-down 
time is an economic loss,-and every effort is made to 
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hasten the opening-up and cleaning of the vessels. This 
requires the introduction of water to cool the vessels 
and its contents to a temperature at which it is safe 
to open and to steam to the atmosphere. The conse- 
quences of rapidly cooling refinery vessels, especially 
heavy-walled vessels, are not recognized generally, and 
little has been published on the effect of different cool- 
ing rates. Many vessels have been distorted badly by 
rapid cooling, and many have been cracked. 





FIGURE 5 
Present Form of Plug-welded Chromium Sheet Lining. 


If the movement of a mild-steel member is con- 
strained and its temperature is changed approximately 
150° F., stresses exceeding the yield point of the ma- 
terial are introduced. At elevated temperatures this 
effect becomes more serious owing to the reduction of 
yield point and proportional limit, the decrease in elastic 
modulus, and the increase in coefficient of expansion. 


The effect of plug-welded chromium sheet lining on 
heat transfer was demonstrated by making tests on both 
lined and unlined plates 2% inches thick, and provided 
with the standard thickness of heat insulation as applied 
to the outside of vessels. The plates were heated in a 
furnace to the desired temperature, and water was 
flowed over the upper surface of both plates. Thermo- 
couples were provided for determining temperatures 
throughout the thickness of the plate. 

Upon the application of water to the unlined plate, 
the wet-side metal temperature dropped rapidly, as 
shown in Figure 6, until a differential of 300° F. existed 
YZ minute after the application of water. This intro- 
duces high tensile stresses in the wetted side of the plate 
during the first few minutes of cooling. 

In the case of the lined plate, the temperature of the 
lining material dropped almost immediately to 212° F. 
However, this did not affect greatly the steel plate itself, 
and the temperature of both surfaces fell off slowly— 
the maximum temperature differential amounting to 
only 43° F., and occurring about 2 minutes after the 
application of water. On subsequent runs the maximum 
differential was progressively smaller due to increasing 
warpage of. the lining caused by the sudden application 
of water. 

The temperature differentials corresponding to 
stresses at the proportional limits throughout the tem- 
perature range were calculated, and the resulting wetted- 
surface temperatures are shown as the dotted lines in 
Figure 6. Referring to these curves, it will be seen that 
in the case of the unlined plate stresses well beyond the 
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proportional limit of the material exist during the first 
3% minutes in which the water is in contact with the 
plate. In the case of the lined plate all parts of the 
cooling curve are well within the temperature limits 
corresponding to stresses at the proportional limits 
throughout the full temperature range. 
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FIGURE 6 


Cooling Rates of Lined and Unlined 2%-inch- 
Thick Plates. 
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Thus the type of lining herein described protects the 
vessel against large temperature differentials, and in- 
sures safe cooling rates. Gunite linings and linings of 
various insulating materials would have the same or 
even greater effect. Integral types of linings such as 
electroplated, weld-deposited, and sprayed metal linings 
obviously possess this characteristic to a lesser degree. 
It is, therefore, well to investigate the heat-transfer 
characteristics of the particular lining to be used, and 
to establish permissible cooling rates of vessels, on a 
basis which will limit the stresses to safe values. 

Certain types of linings, having rather high insulat- 
ing values, may be desirable for their insulating value 
alone. Through their use, shell-metal temperatures may 
be reduced to a value that will permit considerably 
higher operating stresses than are possible with the 
normal process temperature. This often avoids the use 
of special high-strength alloy material, and results in 
lighter-wall, more economical shell construction. It is 
also often possible to increase considerably the permis- 
sible working pressure of existing vessels in high- 
temperature service by installing internal insulation in 
the form of a lining. 


DESCRIPTION OF FIELD INSTALLATION OF 
CHROMIUM SHEET LINING 

Specifications for Lining Materials 

Sheets: Naturally, the sheet material primarily must 
be selected with resistance to the corrosive media in 
mind. A number of compositions are employed to resist 
corrosion in various processes, from carbon steel at one 
extreme to 18-8-3 chromium-nickel-molybdenum alloy 
at the other. However, the most important and, there- 
fore, the subject of the present discussion, is the 11 to 
13 percent chromium grade, which has been found 
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highly resistant to all conditions encountered in our 
cracking processes. 

For linings in cracking service a special low-carbon 
grade of 11 to 13 percent chromium steel is employed. 
The specification for purchasing this material is as 
follows: 
to the following chemical 


1. The metal shall conform 


composition: 


(Per Cent) 
ee 11 to 13 
ero reer 0.08 (maximum) 
RN ae 0.50 (maximum) 
Manganese ......... 0.30 to 0.70 (maximum) 
I a Se crvne. coun 1.00 (maximum) 
Phosphorous ....... 0.035 (maximum) 


CT iicnaageadseed 0.035 (maximum) 


. The sheets shall be hot-rolled and annealed. 

. The sheets shall be white-pickled after annealing and 
before final inspection. 

. The resulting hardness 174 
(Rockwell C-7). 

. The sheets shall be free from inclusions, hard spots, 
seams, laminations or other flaws that would render 
them unfit for service. 

6. The metal must be capable of being bent flat on itself 

without cracking on the outside of the bend. 


shall not exceed Brinell 


on -—&- WN 


The chromium content is a compromise between the 
lowest that will give satisfactory corrosion resistance 
and the highest that will resist embrittlement at operat- 
ing temperatures. 

The carbon content specified is the minimum obtain- 
able commercially ; it should be as low as possible. As 
this is written, it is understood that some suppliers nov 
are offering a 0.06 percent (maximum) carbon grade. 
If obtainable, this should be specified. The low carbon 
content of the material, more than any other single 
item, is believed to be the key to successful installation. 
The lower the carbon content, the less is the tendency 
to form chromium carbides during the welding process. 
The chromium carbides are air-hardening, and result in 
brittle zones next to the plug and fillet welds. 

The sheets must be in the fully-annealed condition 
for punching and for shaping the edges. They receive 
plenty of abuse during the installation process, and 
should start out in the best condition possible. This is 
the reason for the hardness limitation and the bend test. 
Material meeting these requirements, when welded with 
18-8 chromium-nickel electrodes, can be bent flat on 
itself. 

Inspection, which should be very rigid in material of 
this type, is facilitated greatly by pickling. Although 
appearance, as such, is of no importance after installa- 
tion, pits, tears, and laminations are indications of poor 
processing and lack of skill on the part of the manufac- 
turer. The attendant expense of. installing the lining 
and the difficulty of replacing failed sections are too 
great to consider using anything but the highest-grade 
material. Inspection at the mill is more desirable than 
inspection on receipt ; as marginal-grade material can be 
rejected with less embarrassment, delay, and cost on the 
part of both supplier and purchaser. 

It might be of interest to mention that the addition 
of % percent molybdenum to the sheet material is being 
tried out. It is anticipated that this will improve the 
welding quality and serviceability, but it probably will 
be several years before any comparison can be made, as 
the present straight-chromium composition has a very 
long life. 

Weld rod: Several brands of low-carbon 18-8 chro- 
mium-nickel electrodes with carbon-free coatings have 
been found suitable. The prime requisite is to use a rod 
with which the particular welder can make sound, 
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smooth, low-carbon deposits in the side-hand and over- 
head positions while welding through the punched hole 
in the lining. Selection of the brand of rod should be 
made only after actual trials under these conditions. 
Rods which give lumpy uneven deposits, resembling 
popcorn in appearance, are to be avoided. The rod size 
will vary with lining thickness, position of welding, and 
personal preferences and capabilities of the welder; but 
1/8-inch and 5/32-inch rods generally are preferred. 
Qualifications of Welders 


In selecting welders for field installation of chromium 
sheet lining, it should be remembered that an expensive, 
critical job is being installed. Not only the welder’s 
ability to make a good test weld should be considered, 
but also his attitude towards doing continuous, tedious 
work under uncomfortable conditions. In a typical frac- 
tionating-column lining job there may. be as many as 
15,000 plug welds and as much as 1500 feet of seal 
welding, mostly in the side-hand and some in the over- 
head position. Welding fumes, flashes from nearby 
welders, and the din of pneumatic hammers “laying up” 
the partly-welded lining all contribute to the fatigue and 
annoyance of the welder. 


Another factor demanding the best in a welder is the 
tendency to hurry the job, because most field installa- 
tions are made in equipment already in operation in 
which the cost of a day’s down-time usually is calculated 
in four figures, or because seasonal commitments for 
gasoline are a consideration. 

Before welding in the vessel, the welder should be 
required to make smooth, workmanlike welds — both 
plug welds and fillet-seal welds — in the side-hand and 
overhead positions, if he is to work in both. Appearance 
of the welds, as such, is of no significance except as an 
indication of the skill of the welder and the suitability 
of the electrode as well as of arc conditions. Lumpy, 
rough, and porous welds are an indication that some- 
thing is at fault, either in the technique of the welder or 
in the materials and equipment with which he is work- 
ing. Experience has shown that it is a costly mistake to 
proceed with the lining operation before the welders 
have been trained adequately. 

Reasonable provision for the comfort and protection 
of the welder will add to the quality of the work. Plat- 
forms should be provided to keep the work at comfort- 
able working height. If a number of welders are em- 
ployed in the vessel, artificial ventilation may be neces- 
sary. Blowers, exhaust fans, and steam eductors all 
have been found satisfactory. When welders are work- 
ing in close proximity to each other, good facilities for 
personal protection are necessary. In addition to canvas 
curtains arranged to protect the unguarded eyes against 
direct exposure to the arc, it has been found desirable to 
have the welders wear light-colored goggles under the 
welding helmet. This practice protects the eyes, when 
the helmet is raised, against secondary radiation and 
reflection off the metal surfaces, as well as against 
the rapidly-fluctuating intensity of the light due to 
neighboring arcs. Properly-outfitted welders are shown 
in Figure 7. 


PREPARATION OF INTERIOR SURFACE 
OF VESSEL 


Preparation of the surface to be lined is of no less 
importance than other factors mentioned. The surface 
must be well sandblasted ; and, if the vessel already has 
been in service—which is the usual case—all traces of 
oil and coke must be removed. This is not easy to ac- 
complish in a riveted vessel or in one which is. badly 
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pitted. In the former, oil often seeps from the joints for 
a long time after cleaning. If a clean surface canot be 
obtained in any other way, it may be necessary to caulk 
or seal-weld the joints and rivets. If the surface is badly 
pitted, it may be necessary to mark off the location of 
the plug welds and build up the surface locally with 
carbon steel to permit properly attaching the sheets to 
the vessel. Pits and voids up to a few square inches in 
area do not affect the serviceability of the lining, pro- 





FIGURE 7 
Protection for Welders. 


Each welder is protected from direct are flashes of his neighbor by 

means of canvas curtains. To guard against indirect reflections when 

the helmets are raised, each welder wears light-colored goggles under 

his helmet, With good ventilation, these arrangements permit working 
a number of welders in close proximity, and speed up the job. 


vided they do not fall in the way of the plug welds. 
Naturally any extensive corrosion which has occurred 
prior to installation of the lining should be given con- 
sideration from the standpoint of its effect on the safe 
operating pressure of the vessel. 

Sandblasting dust must be blown or swept from the 
surface and from pits and cavities. 


PREPARATION OF SHEET FOR INSTALLATION 


Dimensions of the individual sheets are chosen arbi- 
trarily, of course, but for economy they should be as 
large as can be passed through the manway and handled 
readily. For instance, if the vessel to be lined is equipped 
with 24-inch manways, sheets 23 inches x 120 inches 
will be found to be most suitable. For vessels of small 
diameter, shorter sheets will be required. 

Considerable latitude is available in the selection of 
gage of sheets. Corrosion is, to a certain extent, a factor 
in choosing thickness; but our experience has been that 
the thinnest linings used, 15-gage, do not fail due to 
corrosion. A conservative course was established in the 
first installations, and a good deal of 11-gage material 
was used; later 13-gage was used, and now the usual 
practice is to install 15-gage. For lining small nozzles, 
in which it is difficult or impracticable to apply plug 
welds on adequate center distances and on installations 
where the lining is subjected to abuse from mechanical 
coke cleaners, 13-gage material still is used. 


Holes 9/16-inch in diameter are punched on 4-inch 
diagonal centers over the entire area of the sheet. When 
manways, nozzles, or other connections or appurte- 
nances are encountered, the sheets are shaped to con- 
form either by shearing or by cutting with an electric 
arc, using a mild-steel heavy-coated electrode. 

The sheets are offset on two adjacent edges to provide 
a lap of about 1 inch, and are rolled to conform to the 
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shell curvature. It has been the practice to lay the sheets 
with the longest dimension circumferentially. 

It has been our practice to inspect pressure-vessel 
welds periodically for evidence of surface cracks and 
defects. To facilitate this inspection, the vessel welds 
are not covered with the shell lining, but instead are 
covered with a “batten” strip after a filler strip has been 





FIGURE 8 


Sheet Lining Tacked in Place Ready for Plug 
W elding. 


Notice the pre-formed sections fitted over the tray support; also the 
method of overlapping the lower sheet. 


tacked in place. This is purely an inspection expedient, 
and may be employed or not, as the owner sees fit ; how- 
ever, it adds somewhat to the expense of lining, and 
must be provided for in laying out the sheet arrange- 
ment. Details of this “batten” strip are shown else- 
where. 

Installation of Lining 

Lower. costs of installation and better service from 
linings result when installation can be made with the 
vessel on the ground—where it can be rolled to permit 
down-hand welding, and where scaffolding can be dis- 
pensed with. However, this is not generally possible, 
and the lining must be done with the vessel standing 
vertically—employing side-hand welding on the shell, 
overhead welding on the top head, and down-hand weld- 
ing on the bottom head. 

In the usual case of the vessel standing vertically, it 
is preferable to start at the top of the shell; and, after 
having completed one ring of lining, to work down. 
This permits easy arrangement of the lap joint at the 
bottom of the sheet, so that the seal weld can be made 
down-hand. If conditions require starting at the bottom 
and working up, a little more difficulty will be expe- 
rienced in forcing the lower edge of the second course 
under the offset on the top of the first course. 

The sheet is placed in position, with the offset edge at 
the top, and is forced against the shell with a jack or 
air dolly at its center. It then is tacked to the shell 
through one of the center holes by running a bead across 
the bottom of the hole. The dolly is moved about the 
sheet, forcing it against the shell; and tack welds are 
made every third hole—moving progressively outward 
from the center. This procedure eliminates accumula- 
tion of slack. The non-offset edges of the sheet are tack- 
welded to the shell in 1 inch to every 6 inches. (Refer 
to Figure 8.) 

After tack welding of a sheet has been completed, the 
entire area is gone over with a light pneumatic hammer 
to insure a tight fit to the shell. Care should be used in 
this operation in order not to scar the sheets badly or 
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overwork and embrittle the material. In placing sub- 
sequent sheets, the overlapped portion is hammered in 
this same manner to secure a snug-fitting joint before 
welding. 

The plug or button welds are deposited with a weav- 
ing bead. In the side-hand position, welding is started at 
the bottom of the hole, working upward. Welds are 
made in a single pass, avoiding building up beyond the 
surface of the sheet; as projecting welds cause coke 
accumulations, and increase the difficulty of cleaning 
the vessel. Every effort should be made by the welder to 
obtain good penetration of the weld deposit into the 
shell of the vessel, and to avoid slag pockets at the 
eages of the weld. The button welding of each sheet is 
completed before making the joint welds. The latter are 
made using a continuous full-fillet bead. 

When the welding has been completed, the sheet is 
forced against the shell with a pneumatic hammer to 
eliminate drawing and distortion due to welding. When 
the lining is not properly “laid up” against the shell, 
the condition can be detected with a light machinist’s 
hammer. Lining which adheres tightly to the shell 
sounds and feels solid when struck. 

The slag should be removed from all button and joint 
welds by sandblasting. An inspection should be made 
for porosity and cracks. In cracking-plant service it 





_ FIGURE 9 
Completed Lining. 
The white lines enclose areas welded by various welders, whose num- 


bers are shown. Each welder is required to identify his work, and is 
held responsible for its quality. 


is not essential that the welds be free from all pin- 
holes and the lining “bottle” tight, as coking action 
usually seals minor openings. However, these defects 
are usually indications of poor welding or underlying 
defects, and it is good practice to chip out and repair 
any evidence of unsoundness. Linings installed in this 
manner have to contend with severe operating condi- 
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tions, and should not suffer the additional handicap of 
poor workmanship. 

In applying subsequent courses of sheets, vertical 
joints should be staggered. (Refer to Figure 9.) 


Lining Heads 

Lining is applied to heads following the same prin- 
ciples as in lining the shell. The head is laid out in seg- 
ments, the number of such depending on the degree of 
curvature encountered. Some trials may have to be 
made to determine the best size of segment. Until some 
experience has been gained, it is well to keep the seg- 
ments small, and to sacrifice lower installation cost to 
gain a well-fitted job. The location giving the most 
trouble will be the knuckle radius of the head. When 
installing head linings for the first time, it would be well 
to cut, fit, and weld one segment only before cutting 
up the remaining material. This will permit altering 
the size of the remaining segments if any difficulty is 
experienced. 

The segments should extend from the manway lining 
to the shell lining in a single piece if possible. If the 
head contains no manway, a disc 18 inches to 24 inches 
in diameter should be installed in the center—being 
punched, plug-welded, and seal-welded at the edge as 
in the case of shell lining. The narrow edges of the 
segments then can be “landed” on this disc, thus avoid- 
ing running all the segments to a point. Allowance 
should be made for a 1-inch lap, and the wide edge of 
the segment should be inserted under the offset upper 
edge of the shell-lining sheet unless a weld-inspection 
batten strip is to be installed. Tacking, hammering, and 
welding should proceed as in the case of the shell 
lining—particular care being taken to obtain a close 
fit with the head in the vicinity of the knuckle. 





Nozzles, Manways, Riveted Joints, 
and Internal Members 

Construction details such as those listed constitute the 
troublesome part of the job, and the natural tendency 
is to neglect them. Detailed supervision must be main- 
tained in order to obtain the most careful fitting-up and 
welding. 

Whenever possible, the lining in nozzles and manways 
should be plug-welded in the same manner as shell lin- 
ing. If nozzles are too small in diameter (or too long) 
to permit obtaining good plug welds, it is essential that 
13-gage, or even 1l-gage, sheet be used. The nozzle and 
manway linings should not be ended at the shell lining 
and corner-welded to it, but should be extended inside 
the shell about 1% inches and flared out against the 
shell. A substantial fillet weld then is run around the 
outer edge of the flange, forming a diaphragm-like con- 
nection which allows slight longitudinal movement of 
the liner. 


The complexities of fitting the lining around some 
internal obstructions and irregularities may require 
leaving small void spaces behind the lining. In all cases 
these should be filled with a mixture of heavy tar and 
coke, mixed to a heavy jelly-like plasticity. This mixture 
should be pumped, with a grease gun, into the bottom 
of the void space. The space should be vented at the 
high point, and injection of the mixture should continue 
until it is certain that the voids are filled. Sufficient in- 
jection holes and vents should be installed to insure 
this condition has been accomplished.-Small discs are 
welded over the holes when filling is complete. The 
mixture bakes out to a dry coke under operating tem- 
peratures, and prevents large accumulations of oil and 
gas getting behind the lining in the event leaks. occur. 
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The flange faces of nozzles and manways are pro- 
tected by weld deposits of stainless steel. These deposits 
are applied with 18-8 chromium-nickel rod in order that 
the flanges may be faced with a portable flange-facing 
tool without need for annealing. Deposits are carried 
out beyond the gasket face. The lining is fillet-welded 
to the deposit on the flange face to form a continuous 
alloy-steel protection. 

Manway heads or cover plates are lined by applying 
a disc in the same manner as the shell lining, almost out 
to the gasket face. The area from the edge of this disc 
to beyond the gasket face is protected with an alloy weld 
deposit, machined to form the gasket surface. The use 
of 18-8 rod will obviate the need for annealing prior to 
machining ; but if annealing is feasible, a deposit. made 
with an 18 percent chromium rod will result in satis- 
factory protection at a lower cost. 

Riveted vessels are protected by bringing the shell 
lining up to each side of the joint just short of the 
rivets. The edge of the lining next to the caulked edge 
is flanged over a distance somewhat more than the 
thickness of the shell plate. An offset strip is made to 
cover the rivets. This is landed on the flanged edge of 
the lower sheet, to which it is fillet-welded, and it then 
is welded to the upper sheet of lining. This strip should 
fit close to the tops of the rivet heads and the space 
between it, and the shell should be filled with the mix- 
ture described previously. Longitudinal joints are pro- 
tected in the same manner. 

Internal members such as braces, tray supports, 
beams, internal piping, etc., must be protected in the 
same general manner as described previously. These 
require individual consideration, and it would be almost 
impossible to describe in detail how each of the numer- 





FIGURE 10 
Pre-formed Sheet Lining for Installation Over 
Tray-Support Angle. 


Figures 11, 12 and 13 show these sections in various stages of being 
welded into place. 


ous cases should be handled. Sketches are included 
showing typical methods of handling the lining of such 
details. (Refer to Figures 10, 11, 12, and 13.) 


COSTS 

As might be expected, field installation of chromium 
sheet lining is an expensive job. Practically all linings 
were installed after the vessels had been placed in serv- 
ice ; and many were lined, one 23-inch course at a time, 
between cleaning shutdowns, in order not to interfere 
with badly-needed cracking-plant capacity. The cost also 
varies widely with the number of nozzles and openings, 
and with the complexity of internal members which 
must be protected. 

It is probable that-lining costs will run between $5.00 
and $10.00 per square foot, depending on the influence 
of the factors mentioned previously. The economy of 
lining as compared with replacement involves not only 
cost of lining, but consideration of numerous factors 
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such as freight, erection cost, and time to deliver re- 
placements ; and each case must be studied individually. 
Serviceability 

Serviceability of linings is about as variable as their 
costs, due largely to the inability to say just when a 
lining has failed. After relatively few runs, chromium 
sheet lining becomes buckled between plug welds, and 
looks somewhat like a quilt. If a new user had pur- 
chased such a lining from a commercial fabricator, he 
would be. inclined to want his money back; for the 
lining certainly does not look much like it did when 
installed. However, experience has shown that this ap- 





FIGURE 11 


Tacking of Pre-formed Sheets Around Tray-Support 
Angle. 


pearance does not affect the serviceability of the lining ; 
and, after the first buckling between plug welds, little 
additional change may take place for several years. 

Occasionally local areas involving several adjacent 
plug welds will pull away from the shell and form a 
large “blister.” If the plug welds pull off the shell rather 
than out of the lining, it is probable that protection in 
cracking service is not reduced. However, it is our prac- 
tice to cut out this area of lining with an arc using a 
mild-steel electrode, and to install a new patch of lining. 
Such occurrences are rather rare, however, when good 
welders have been employed. 

An over-all figure on maintenance of linings is hard 
to determine; but a fair estimate, based on observing 
about 50,000 square feet of lining over an average 
period of 6 to 8 years, would be the replacement of 1 
to 2 percent per year. 

A specific example of lining experience over an ex- 
tended period is the case of four 8-foot x 60-foot 2%- 
inch wall combination reaction chambers and fraction- 
ating columns lined in 1930. These vessels have no pro- 
vision for corrosion allowance, and would have had to 
be made about 3% inch thick to last one year if unpro- 
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tected. The lining has been inspected periodically since 
installation, and has been observed to be failing pro- 
gressively ; but only a negligible amount of maintenance 
work has been done. At a recent inspection these linings 
were scheduled for replacement this summer, having 
given 9 years’ protection. 

The great bulk of sheet-lining installations was made 
between 1928 and 193i, and still is operating, with only 





FIGURE 12 


Lining Fitted Around Tray-Support Angle and 
Intersection of Shell with Baffle. 


None of the lining has yet been plug-welded, and the sections fitted 
about the tray support on the baffle have yet to be hammered snugly 
into place. 


, 
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FIGURE 13 


An Area Similar to That Shown in Figure 12 After 
Final Welding. 


minor maintenance. Numerous improvements in mate- 
rials, design, and technique of installation have been 
made since, and linings installed in the last few years 
can be expected to give somewhat better service and 
endure more drastic cooling conditions than the early 
linings. In 1935 four 10-foot x 30-foot 2%-inch wall 
vessels welded in 1926 were returned to the manufac- 
turer, and were re-welded into two 10-foot x 55-foot 
vessels to accommodate certain process changes. Ad- 
vantage was taken to renew all welded seams with mod- 
ern stress-relieved and radiographed welds. The old 
lining, installed in numerous small increments in 1928 
and 1929, was left in place while the vessels were cut 
up, re-welded, and stress-relieved. After the vessels had 
been returned to the refinery, the worst of the damaged 
lining was patched up, and new lining was installed over 
the welded seams. Today, this lining is still in service, 
and maintenance is negligible—probably less than 1 
percent per year. 

In 1937 two 8-foot x 50-foot 1-13/16-inch wall car- 
bon-molybdenum vessels were lined at the refinery 
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upon receipt from the fabricator. Sufficient time was 
available to line these vessels while they were on 
the ground, and all welding was done in the down- 
hand position. These vessels are in perfect condition 
today, absolutely no repair work having been done 
to the lining except in the case of the weld-protecting 
strips which were made 8 inches wide without inter- 
mediate plug welding. 
































FIGURE 14 
Typical Details of Chromium Sheet Lining. 


It is difficult to give any single figure or any group 
of figures, readily interpretable, that would provide 
an index of performance or unit cost of maintenance 
of sheet linings. Since 1928 linings have been installed 
in all conceivable manners, some good and some bad ; 
and yet much of the original sheet is still in service. 
That much of this lining is now very old is illus- 
trated by the fact that an old record shows that more 
than 32,000 square feet of lining was in service by 
the middle of 1931. A single figure for maintenance 
would be about as meaningless as would be a single 
figure representing the average cost of automobile 
maintenance including all models since 1900. The 
best index of performance is the acceptance which 
operating management has given this type of lining. 

The use of field-installed linings has been extended 
to other processes than cracking, and to other equip- 
ment than vessels. For a number of years large steel 
castings in corrosive hot-oil service, such as hot-oil 
circulating-pump cases, have been lined in this man- 
ner ; 18-8 chromium-nickel linings have been installed 
in phenol-extract recovery towers at our solvent- 
refining plant. At the present writing an 18-8-3 
chromium - nickel - molybdenum lining is being in- 
stalled in a 1914-foot diameter 90-foot high vacuum 
distillation tower in crude-distillation service. 

This last installation represents an interesting case 
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of lining economics. Corrosion rates are not particularly 
high, and in the case of a new vessel easily and 
most economically could be taken care of by adding 
to the shell thickness. However, practically no cor- 
rosion allowance was provided for originally, and 
no further losses can be permitted. The vessel is so 
large that it had to be constructed by welding in the 
location and position in which it was to operate. 
Therefore, the vessel—together with its insulation, 
connections, internal structure, etc.—represents such 
an investment that lining with this expensive alloy 
material readily can be justified. No alloy between 
the extremes of carbon steel and the 18-8-3 alloy 
gave substantial resistance to the corrosive media. 
Although additional steel in the original shell would 
have proved economical, a sufficient thickness of 
carbon steel could not be installed as a lining because 
of lack of available space between the corroded shell 
and the existing tray structure. 


CONCLUSION 
In closing, it seems in order to mention briefly 
some of the commercial lining processes. These are 
being advertised in trade journals, and it is probable 
papers will appear currently treating them from an 
engineering standpoint. Some of the largest fabrica- 
tors in the country have developed their own linings 





















































FIGURE 15 
Typical Details of Chromium Sheet Lining. 


to a high state of perfection. Not faced with the need 
for installing the lining in the completed vessel be- 
tween operating runs, having access to various types 
of automatic welding processes, and being able to 
line flat plates prior to rolling, these fabricators no 
doubt have reduced costs below those possible in 
field installation. The good appearance of such lin- 
ings is also an important consideration, both when 
newly applied and after a period of operation. 
Some commercially-applied linings consist of a 
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sheet resistance-spot-welded on close centers, leav- 
ing a small unwelded area between spots; others 
consist of a sheet’ resistance-spot-welded in a manner 
that the adjacent spots overlap, giving the effect of 
a continuously-welded or integrally-bonded lining; 
others consist of an alloy deposit fused to the steel, 
the composite material then being rolled to final 
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FIGURE 16 
Typical Details of Chromium Sheet Lining. 


plate thickness, giving a continuous integrally-bond- 
ed alloy facing; still others have installed plug- 
welded linings essentially the same as those de- 
scribed in the present paper. 

Each of the above types no doubt has individual 
advantages, and each type may find a particular field 








of adaptability in which it may receive most general 
acceptance. The matter of relative heat transmission 
may be very important in some services, and of no 
consequence in others; the adaptability to field-in- 
stallation methods may outweigh all other advan- 
tages; the matter of stress due to differential ex- 
pansion best may be met in some cases by allowing 
a spot-welded lining to buckle between spots, and 
in others by absorbing the stresses proportionately 
in lining and in shell; slight leakage due to local 
separation or cracking of the lining might be of 
little consequence in some processes, and totally un- 
acceptable in others. 

Our company has approached the lining question 
from an engineering standpoint, and with an open 
mind. Although it takes some pride in having carried 
forward the development of field-installed chromium 
sheet lining to a fairly high state of perfection, and 
currently is making additional installations of this 
type, it has not been blind to the progress and efforts 
of others. Within the last two years it has pur- 
chased 20 vessels lined by pressure-vessel manufac- 
turers. Some of these were obtained from each of the 
leading fabricators; and included various types of 
attachment to the shell, various compositions of 
lining material, and a wide range of vessel sizes and 
wall thicknesses. 

ADDENDUM 


Shortly after the manuscript of the foregoing 
paper had been submitted for publication, the au- 
thor’s attention was called to the existence of an- 
other article having nearly the same title and cover- 
ing somewhat the same field, published under date 
of February 21, 1939, by K. E. Luger, Stainless Steel 
Division, Carnegie-Illinois Steel Corporation. This 
excellent presentation, entitled “Field Lining of Re- 
finery Vessels with Stainless-Steel Sheets or Strip,” 
includes a cross-section of the practices of numerous 
people in addition to the method described in the 
present paper. 

Our first reaction was that the prior publication of 
Mr. Luger’s paper would lessen interest in the pres- 
entation of another on a similar subject; but, upon 
further consideration, it was felt that the direct ex- 
periences of those actually engaged in pioneering 
the development of one of the specific types of lining 
and a fuller discussion of the economics, serviceabil- 
ity, and advantages would be worthwhile. 
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Multi-Layer Construction of 


Thick-Wall Pressure Vessels 


T. McLEAN JASPER 
A. O. Smith Corporation, Milwaukee, Wis. 


HE multi-layer vessel is constructed of several 

layers of de-scaled steel, each progressively 
wrapped and tightened around the cylinder by mechan- 
ical means and then welded together at the edges. Fig- 
ure 1 shows two vessel sections in the course of con- 
struction. The discs inserted in the ends are to hold 
the inside layer in position while the first few subse- 
quent layers are added. The thickness of each outside 
layer is generally less than 4% inch, whereas the inside 
layer may be heavier. Only the inside layer is leak- 
proof. Each subsequent layer is perforated with small 
holes for venting. 

After all layers have been added, the ends are ma- 
chined for the welding groove, as shown in Figure 2. 
The contact between layers is so uniform that it is dif- 
ficult to determine from visual inspection that the ves- 
sel is not made from solid steel plates (see the close-up 
view, Figure 3). 

With the ends machined, the sections are assembled 
by welding in a manner similar to the way sections of 
solid-wall vessels are joined. 

There are, of course, many other details of construc- 
tion. Some of these are brought out in the following 
resume of Smith’s experimental history with this con- 
struction. 

In 1931 two vessels of multi-layer construction were 





FIGURE 1 
Two Sections of a Multi-layer Vessel Shown After 26 Layers Progressively Have Been Wrapped and Welded 
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ULTI-LAYER construction is a development 

which has grown out of the failure of small 
thick-wall high-pressure vessels to give the service 
expected of them. 

Four such thick-wall pressure vessels, 12 feet 
long, with an outside diameter of 3314 inches, and 
a total wall thickness of 354 inches, were built in 
the Smith plant several years, ago and tested to 
destruction. In no case was the pressure value at 
failure more than 75 percent of what had been 
expected according to commonly-accepted cylinder 
formulas. A careful study of the test data thus 
gathered made it apparent that the accepted for- 
mulas were not applicable for heavy solid-wall 
“small-diameter” vessels, i.e., vessels in which the 
ratio of diameter to wall thickness — was 
in the neighborohood of 10 or less. Examination 
of the available literature on the subject failed to 
produce any record of previous destruction tests 
with high-pressure vessels of these dimensions— 
whether welded, forged, or cast. 

This situation acted to spur on a thorough in- 
vestigation of improved construction ideas. Multi- 
layer construction showed a marked superiority 
over all other proposed methods. A patent was 
secured covering this construction. 

This paper was presented at Ninth Mid-Year 
Meeting, American Petroleum Institute, at the 
Roosevelt Hotel, New Orleans, May 17, 1939. 
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FIGURE 2 
The End of This Multi-Layer Shell Has Been Machined for the Welding Groove. This Shell 
Has a Total Wall Thickness of 5.3 In. Built of 26 Layers 


FIGURE 3 
The Tight Fit Between Various Layers Is Apparent from This Close-up of a Multi-layer Shell 
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Tested to Destruction, This Multi-layer Vessel Failed Without Shattering and with a 


FIGURE 4 


Considerable Amount of Deformation 





FIGURE 5 
These Are the Fragmented Pieces of a Solid-Wall Vessel Tested to Destruction. This Vessel Had an Outside 
Diameter of 33% Inches; Was 12 Feet Long, and 3% Inches in Total Wall Thickness 





FIGURE 6 ; 
This Is a Typical Multi-layer Test Vessel with a Large Flanged Opening in One Head 


TABLE 2 


Stresses at Yield and Failure of Two Vessels 














TABLE 1 
Average Physical Properties of Steel in Two Vessels 
Coupons |0.2 Percent Set|Ultimate Yield! Elongation 
from Yield Strength Strength in 8 In. 
Vessel |(Lb. Per Sq.In.)|(Lb. Per Sq.In.)| (Percent) Remarks 
af. irre 5 39,770 58,845 29.5 Not stress-relieved 
ad dard 37,670 56,260 32.3 Stress-relieved 
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Fore Percent Yield 
y 
(Lb. Per Sq. In.) 


Water Column 


Burst Point 
(Lb. Per Sq. In.) 





Increase in 
Average Diameter 


























Vessel | Pressure | Stress* | Pressure! Stress* at Failure (Inches) 
ad . ey ee 43,100 18,800 60,400 | 2.15 (not stress-relieved) 
eee 11,500 37,000 17,375 55,900 | 3.54 (stress-relieved) 

Dm 


p 
* By means of the formula —-— 
21 
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FIGURE 7 


Graph Recording the Pressure—W ater-Column Readings for 
Multi-layer Vessel “A”? Which Was Not Annealed 





30 40° oO 


built for destruction tests, and provided with reinforced 
openings in the cylinder and in one head. The cylinder 
and heads of these vessels were constructed of 12 
layers of steel of varying thicknesses totaling about 
3.85 inches. The vessels had an outside diameter of 27 
inches, and were about 9 feet between heads. When 
tested to destruction, they failed at hydraulic pressures 
of 19,100 and 20,200 pounds per square inch, respec- 
tively. According to the common formula pDm, these 
2t 
pressures correspond to maximum stresses of 58,000 
and 62,000 pounds per square inch, respectively. Both 
vessels were made of ordinary boiler-steel plates, Figure 
4, showing the rupture in one of these test vessels, re- 
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FIGURE 8 


Graph Recording the Pressure—Water-Column Readings for 
Multi-layer Vessel “B’” Which Was Annealed 


veals a failure strikingly different from those which 
occurred in the four solid-wall vessels. Failure occurred 
in the multi-layer vessels without any shattering or 
fragmentation, and with a considerable amount 
of deformation. The thick solid-wall vessels, however, 





FIGURE 9 
Multi-layer Vessel Now Operating Under a Pressure of 5,000 Pounds Per Square Inch. 
Note the Special Quick-opening Head 
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failed with no measurable stretch or deformation; and 
they fragmented very badly, as shown in Figure 5. 

In 1937 two additional layer vessels were tested to 
destruction to establish further information on the de- 
sign of large openings and on the effect of stress-reliev- 
ing temperatures upon layer vessels. Both were built of 
12 layers, % inch in thickness, wrapped around an in- 
side layer 2 inch in thickness, giving the vessel a total 
wall thickness of 3'4 inches. Both vessels had an out- 
side diameter of 26 inches, and were 8 feet 8 inches in 


over-all length: They were built of layers which came 
from identical sheets of steel. These sheets were split 
in two in our own plant. One-half of each sheet was 


used. in vessel “A” and the other half in vessel “B” in 
identical positions. Vessel “A,” however, was not 
stress-relieved, whereas vessel “B” was stress-relieved 
at 1,150° F. The stress-relieving temperature in vessel 
“B” was held for 3’ hours; then it was cooled at a 
rate of 80° F. per hour. Figure 6 shows one of the 
vessels. The average physical properties of the steel in 
the two .vessels, determined by test coupons cut from 
each plate, were as shown in Table 1. 

The pressure-water-column readings for vessels “A” 


and “B” are shown in Figures 7 and 8. 


FIGURE 11 
This Multi-layer Gas 


Separator is Now in 
Service in the Operation 


of Oil Wells 


FIGURE 10 


Here an Accumulator of 

Multi-layer Construction 

Is being Tested at a 

Pressure of 6,500 

Pounds Per Square 

Inch, It Weighs 94,000 
Pounds 


The pressures and stresses at which the yielding and 
failure of the two vessels occurred are shown in Table 2. 

It should be pointed out that the stresses at yield and 
failure shown for vessel “B” are very close to the yield 
and ultimate strength of the steel tested independently 
after it had been stress-relieved. On the other hand, the 
stresses at yield and failure for vessel “A” are some- 
what higher than the yield and ultimate strength for 
the steel in the corresponding state. It is believed that 
this is due to the effect of the imposition of compres- 
sive stresses on the inside layers,. with corresponding 
tensile stresses on the outside layers during the con- 
struction of the vessels, and these were not affected by 
stress-relieving in vessel “A.” Inasmuch. as the outs:de 
layers take on load less rapidly than the inside layers, 
it is to be expected that higher values might be shown 
by vessel “A” than by vessel “B,” which has. had these 
compressive construction stresses, as well as_ the 
strength of the steel, reduced by the stress-relieving 
operation. 

We, therefore, do not advocate stress-relieving these 
vessels, and to date have never done so. It has been 
shown quite definitely that when at least one of the 
surfaces to. be welded is made up of a multiplicity of 











layers, the circular joints do not and cannot set up in- 
ternal stresses that would make stress-relieving neces- 
sary. 

On the basis of the foregoing tests, a considerable 
number of multi-layer vessels have been built and put 
into service. The first of these vessels for service was 
built in 1931, and has operated since that time at a 
pressure of 2,000 pounds per square inch. Figure 9 
shows a vessel with an outside diameter of 2834 inches ; 
which is 21 feet 8 inches in over-all length, by 37% inch 
total wall thickness, with a special quick-opening head. 
This vessel operates in rapid heating and cooling cycles, 
and at a pressure of 5,000 pounds per square inch. 
Figure 10 shows an accumulator under a test pressure 
of 6,500 pounds per square inch. This vessel weighs 
94,000 pounds. It has an outside diameter of 56.6 inches ; 
is 30 feet 9 inches in over-all length, by 5.3 inches total 
wall thickness. It is operating now at a pressure of 3,- 
250 pounds per square inch. Figure 11 shows a gas sep- 
arator for use in the operation of oil wells. This separa- 
tor operates at a pressure of 2,000 pounds per square 
inch; has an outside diameter of 62 inches, and is 19 
feet 8 inches in over-all length. Figure 12 shows a ves- 
sel with an outside diameter of 554 inches, and which 
is 27 feet 9 inches in over-all length, by 234 inches total 
wall thickness. It operates at a pressure of 1,560 pounds 
per square inch. 

These vessels now are in service for hydrogenation 
at high temperatures, gas separation, high-pressure 
chemical processes, high-pressure hydraulic-press cylin- 
ders, high-pressure gas storage, and high-pressure air- 
liquid accumulators. 

The multi-layer vessel has a number of attractive fea- 
tures. The type of construction gives it wide flexibility 
with which it can overcome the present limits of size 
and weight in the construction of thick single-piece 
equipment for high pressures. The minute scrutiny 


which can be given the thin layers of steel which enter 
the fabrication of such vessels is bound to reflect itself 
in the quality of the product. Extremely important is 
the fact that the inner layer can be of any corrosion- 





FIGURE 12 


Built for a Steel. Mill 
Descaling Unit, This 
Multi-layer Hydraulic 
Accumulator Has an 
Outside Diameter of 
55% Inches and Oper- 
ates at a Pressure of 
1,560 Pounds Per 
Square Inch 


resistant. material, no matter how costly; whereas the 
outer, load-carrying layers can be of the most economi- 
cal material for the resistance of the pressures and tem- 
peratures of operation. 

The lower cost of equipment necessary for the fabri- 
cation of the multi-layer vessel gives it a further ad- 
vantage in production cost over the thick solid-wall 
construction. 

The API-ASME code recognizes multi-layer con- 
struction, and provides for its use in services when 
thick-wall pressure vessels are necessary. The ASME 
code has no provision for its application ; and, as a mat- 
ter of fact, in its present form would find great diffi- 
culty in accommodating this type of construction in its 
code set-up. Various states, however, which have laws 
covering design and construction of fired and unfired 
pressure vessels recognize its application and approve 
it for use. 

This type of construction is not likely to replace the 
present large single-piece pressure vessels for ordinary 
refinery cracking units, because of its general cost. 

On the other hand, the maximum weight of vessels 
which we have built by this method up to the present 
time is 110,000 pounds. Welded vessels of single-plate 
construction for relatively low-pressure operation have 
been built with a finished weight in excess of 400,000 
pounds, so that we look to a great increase in possible 
weight of thick-wall multi-layer vessels and such 
weights as cannot be constructed in single castings or 
forgings. 

SUMMARY 


In summary, it should be pointed out that this type of 
vessel has been in severe service successfully since 1931. 
Its most valuable application is in the select high-pres- 
sure and high-temperature field which heretofore has 
been untouched, in which size and weight are vitally 
essential to economic production. It economically takes 
the place of the large thick-wall vessel, forged or cast, 
in sizes in which these methods of construction can be 
applied. Finally, its simplicity of construction means an 
earlier delivery date for the customer. 
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Metal Spray Protection of — 


Refinery 
Kquipment 


| ie VIEW of the reported waning enthusiasm of most 
refiners for the protection of refinery equipment by 
the metal-spray process, it may be of interest that Con- 
tinental Oil Company has proved to its own satisfaction 
that metallizing can be utilized profitably. 


In several respects our experience has paralleled that 
of many companies which have seen fit to abandon 
metallizing. When the first metallizing equipment was 
acquired in 1934, the corrosion technologist thought (or 
hoped) metallizing would have wide and almost uni- 
versal application. Nearly everything was sprayed when 
there seemed to be a reasonable possibility of success. 
In the light of our present knowledge many of the re- 
sulting failures could have been foretold. On the other 
hand, our present knowledge of the limitations of metal- 
lizing came from careful observation of the various ap- 
plications and study of case histories accumulated dur- 
ing those early days. There were a few successes; 
many failures. Profiting by careful examination of 
these failures, we now can consider metallizing for any 
particular application, and predict the result with reas- 
onable certainty. 

Knowledge of the important essentials required for 
successful metallizing may be obtained from published 
recommendations. We have found that meticulous at- 
tention to every detail is the only guaranty of complete 
success. 


TYPICAL APPLICATIONS OF METALLIZING 


Uur experience with metallizing best may be shown 
by describing certain typical applications. Some of these 
were very successful, and others were either only partly 
successful or wholly unsuccessful. Some of our most 
important applications have been: 


1. Cracking-unit reaction chambers. 

2. Dephlegmator towers, bubble towers, evaporators. 
3. Lubricating-oil contact kettles. 

4. Miscellaneous applications. 


There are certain precautionary measures which must 
be observed in metallizing the above types of equip- 
ment, because strict observance of these measures is 
essential to success. We have given a rather complete 
outline of the absolute essentials. 


5. Pump rods and plungers. 

Metallizing pump rods and plungers is somewhat dif- 
ferent from metallizing the larger pieces of equipment 
mentioned in the above section. The difference is suf- 
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ONTINENTAL Oil Company has had good suc- 

cess using the metal-spray process for the pro- 
tection of refinery vessels against corrosion. Reac- 
tion chambers metallized with aluminum have 
suffered no measurable loss from corrosion in 414% 
years, compared with a previous average annual 
loss of 0.036 inch. 

The method also has been applied successfully 
in the economical restoration of pump rods‘ and 
plungers. Other typical examples of successful ap- 
plications are given, Examples of unsuccessful ap- 
plications are included with’ a discussion of pos- 
sible reasons for failure. ™ 

It is pointed out that the proper preparation of 
the surface to be metallized is the fundamental 
requirement for a successful metal-spray coating. 
The precautions to be observed in preparing the 
surface and in actually applying the coating are 
listed in detail. 

This paper was presented at Ninth Mid-Year 
Meeting, American Petroleum Institute, at the 
Roosevelt Hotel, New Orleans, May 17, 1939. 











ficient to justify establishing additional precautionary 
measures for successful metallizing of this smaller type 
of equipment. 


CRACKING-UNIT REACTION CHAMBERS 


Metallizing the top rings and domes of two 10-foot 
by 40-foot reaction chambers on a Dubbs unit, in Janu- 
ary 1934, was Continental Oil Company’s first major 
project. Mid-Continent topped crude was charged to 
this unit in a non-residuum operation. The tempera- 
ture of the oil stream entering the chambers was 930° 
F. The chambers had been designed originally to ope- 
rate at a pressure of 250 pounds per square inch, gage. 
Over a period of four years prior to metallizing, the 
maximum corrosion rate observed was 0.050 inches 
per year, whereas the average rate for all chambers was 
0.036 inches per year. Had corrosion not been arrested 
by some type of coating, it would have been necessary 
to replace the vessels some time ago, or to reduce pres- 
sure to such a point that operating efficiencies would 
have been impaired. 

When the reaction chambers were inspected in Octo- 
ber 1934, we found that the metallizing on the domes 
and the shells had been damaged. The metal-spray coat 
on the domes had peeled badly over a large portion of 


the entire dome area. We concluded that the peeling 


was due almost entirely to the fact that the original 
aluminum coat had been too thick. The damaged areas 
on the domes were sand-blasted and re-sprayed with 
only 10 coats of aluminum, with a total thickness of 
0.018 inches. 
The failure of the metallizing on the shells of the 
Dubbs reaction chambers may not have been like the 
dome failure. In an attempt to remove the coke from 
the metallized surfaces of the shells for inspection of 
the metallizing, the chamber was heated to dry and spall 
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the adhering coke. Subsequent inspection showed that 
the metallizing had been damaged somewhat, indicating 
that either too high a temperature had been used or that 
localized overheating had taken place during the spall- 
ing process. It was decided to sand-blast and metallize 
the damaged areas with 10 coats of aluminum to insure 
a satisfactory repair. 





Lower: Original carbon-covered surface. Second: Carbon removed by 
blasting with river sand. Third: Surface fully cleaned by flint sand- 
blasting, ready for metallizing. Upper: Final surface metallized with 
aluminum. All pictures made with same exposure. Note that the 
sand-blasted iron appears lighter than the metallized surface. This 
is also true by visual examination. 


FIGURE 1 
Four Stages in the Metallizing of a Bubble Tower 


When the thinner coating on the domes and shells 
was inspected six months later, it was found to be in 
good condition except for a small ring around each 
top manhole where most of the coating had been re- 
moved mechanically by the rotary cleaning equipment. 
In the case of the top rings, it was noticed that, in spots 
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where the coating apparently had been destroyed by the 
rotary cleaning discs, it actually had been beaten into 
the steel. This was evidenced by the fact that the steel 
could not be electric-welded without first chipping or 
sand-blasting. It is believed that protection from corro- 
sion is obtained even after the aluminum appears to be 
gone. 

As a result of the final successful protection of the 
two original chambers, the remaining 10 Dubbs reaction 
chambers similarly were metallized with aluminum. In 
the 414 years that have elapsed since the chambers were 
protected in this manner, there has been no measurable 
loss from corrosion. 

Semi-annual inspection records on the 12 Dubbs reac- 
tion chambers show an average annual metallizing re- 
placement of 4 to 5 percent of the total area originally 
coated. This replacement varies from as little as 1 
percent to as much as 10 percent for individual cham- 
bers. As an example, the first chamber metallized has 
had 54 percent of the original coating replaced in five 
years. This percentage would be materially lower were 
it not for the fact that rotary cleaning equipment is em- 
ployed in our particular case. 

A typical example of metallizing failure was expe- 
rienced in our East Coast refinery, when we attempted 
to metallize a reaction chamber. The chamber was part 
of a cracking unit processing high-sulfur gas oil at a 
temperature of 920° F. and at a pressure of 750 pounds 
per square inch, gage. The work was done by a local 
metallizing contractor. The coating was a complete 
failure within a few months. Inasmuch as numerous 
chambers operating under similar conditions had been 
metallized with complete success, we could attribute the 
failure only to faulty application. This may have been 
due to the effect of the high humidity prevailing at the 
time of metallizing. High humidity occurs during ex- 
tended periods on the eastern seaboard, a factor that 
very easily could have been overlooked by an inexpe- 
rienced contractor. 

The obvious conclusion drawn from such an experi- 
ence is that, if metallizing work is to be contracted, the 
qualifications of the contractor are extremely important. 
In case of doubt the purchaser should have a qualified 
inspector check the work in the field. We have found 
it advisable to do our own metallizing exclusively, but 
appreciate the fact that this may not be feasible for all 
companies. 


DEPHLEGMATORS AND BUBBLE TOWERS 


We have been successful in metallizing with alumi- 
num the bottom sections of the six dephlegmator towers 
on our Dubbs cracking units. Over the period of 42 
years since metallizing there has been no measurable 
loss from corrosion. 

After having convinced ourselves that we could apply 
aluminum successfully, we tried other metals when it 
was obvious that aluminum was unsuitable. It is to be 
remembered that almost any material which can be 
drawn into wire form can be sprayed with a metallizing 
gun. 

In one of our refineries, the bubble tower of a crack- 
ing unit processing high-sulfur Southeast-New Mexico 
topped crude had lost metal at the rate of 0.129 inches 
a year by localized corrosion and erosion. The tower 
was metallized in the corrosive zone with 12 coats of 
18-8 stainless steel to a thickness of 0.020 inches. In this 
case the use of aluminum would have meant certain 
failure because erosion was an important factor. 

Two inspections following the installation of the liner 
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indicated that successful protection was being secured. 
In view of this successful application of 18-8 stainless- 
steel metallizing, we are proceeding to use that method 
of protection in similar locations at other refineries. 


LUBRICATING-OIL CONTACT KETTLES 

Our experience with the metallizing of a clay contact 
kettle in Ponca City serves as another example of metal- 
lizing which was not wholly successful. The kettles are 
used for mixing acid-treated lubricating oils with con- 
tact clay prior to processing the oils through a pipe still. 
Sulfur-dioxide corrosion, therefore, was involved. A 
new vessel was sprayed with red brass before installa- 
tion. The metallizing was done under what we have 
learned since to have been unfavorable atmospheric con- 
ditions; viz., cold and damp weather. Even after 18 
months’ experience, we violated in this case one of the 
fundamental rules governing good metallizing practice. 
Inspection of the vessel after a little less than 2 years’ 
service showed that the coating had disappeared com- 
pletely over about 5 percent of the area, and much of 
the rest was blistered or actually starting to peel. When 
a good metallizing bond was secured, absolute protec- 
tion had been afforded the parent metal. At the bare 
spots the loss of steel varied from 0.020 inches to 0.115 
inches. The original thickness of the plate was 0.50 
inches. 

A new steel contact kettle in similar service had lost 
as much by general thinning after 1Y years as the 
metallized kettle had at localized spots in 2 years. The 
life of the unprotected kettle is estimated at 51 years, 
as compared with an indefinite life for the metallized 
kettle—provided the metallizing is repaired periodically. 


MISCELLANEOUS APPLICATIONS 

In a similar manner we have been able to prevent 
corrosion and erosion by metallizing the surfaces of 
storage tanks ; drums; ends of pipe-still tubes ; exchang- 
er-tube sheets, heads, and shells; and buil wheels on 
Duncan acid-sludge burners. For these purposes alumi- 
num red brass, 18-8 stainless steel, and lead have been 
used. 


IMPORTANT ESSENTIALS OF SUCCESSFUL 
METALLIZING 


Preparing Surface 

1. Sand-blast to pure base metal. 

2. Direct-blast against metal at an angle of approxi- 
mately 60 degrees to the surface. 

3. Use first-quality blasting sand. We suggest No. 4 
flint sand (dry-sacked). Do not use ordinary river 
sand. 

4. Use dry air when sand-blasting. 

5. Do not sand-blast large areas ahead of the metal- 
lizing operation. Even under the best of weather con- 
ditions, the area sand-blasted must not exceed that 
which can be sprayed during the same 8-hour shift in 
which blasting is done. In moderately humid weather 
it is necessary to metallize within 4 hours of sand- 
blasting. 

6. When preparing surfaces which have been in pre- 
vious service and on which coke or oil may be trapped 
in seams or under rivet heads, special care must be taken 
to remove such oil or coke. Heating with a torch is 
often necessary prior to sand-blasting. 


7. Use dependable sand-blasting equipment. 


Applying Metal Spray 
1. Use dependable equipment. We use a standard 
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metallizing gun which has been equipped with a modi- 
fied atomizing tip of our design and manufacture. 

2. The operator must be fully qualified both as to 
skill and personal reliability. 

3. The metallizing gun must be supplied with abso- 
lutely dry air. It is sometimes necessary chemically to 
dry the air. A charcoal filter has proved satisfactory. 





FIGURE 2 . 
Operator Metallizing Bubble Tower Surface Shown in 
Figure 1. 


4. The metal must be sprayed on uniformly. Wide 
variations in thickness of coating are conducive to fail- 
ure. Best results have been secured when applying in- 
dividual coats having thicknesses ranging between 
0.0015 inches and 0.0020 inches. For example, when 
applying aluminum to a total thickness of 0.020 inches, 
12 coats are sprayed. 


5. Use only highest grade wire, paying particular 
attention to quality and diameter tolerances. It is eco- 
nomical to insist on wire sized to close tolerances, even 
though such wire may be priced at a premium. We have 
found, when using our modified gun, that 12-gage wire 
gives ‘the -best results—although we are now experi- 
menting with 11-gage wire. 

6. The rate of applying coatings can be varied within 
reasonable limits, but we have found the following to be 
optimum : 








(Pounds Per Hour) 
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7. Gas-pressure settings are important, and must be 
varied as a function of the melting points of metals 
sprayed, as follows: 


8. All other mechanical work to be done in the zone 
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| so Acetylene! Oxygen Air 
elting Pressure | Pressure | Pressure 
|Point (Deg. F.)| (Pounds) | (Pounds) | (Pounds) 
Aluminum... . 1,217 15 16 75 
High-carbon steel , 2,560 | 19 20 80 
Low-carbon steel oe ard 2,680 19 20 80 
ee , peau 620 13 14 75 
Monel metal......... 2,460 24 | 25 80 
Red brass. 1,870 18 19 80 








Stainless steel (18-8) 2,550 18 19 80 











to be metallized should be completed before metal is 
sprayed. 

9. Do not attempt to metallize when the relative hu- 
midity exceeds 60 percent. 

10. Be sure that the freshly sand-blasted surface does 
not come in contact with anything moist or oily. There 
is a natural tendency to think that sand-blasting is 
merely to roughen the surface, and that the heat of the 
metallizing spray will remove the impurities. This is 
not the case ; inasmuch as the temperature of the sprayed 
metal, when it strikes the surface, is estimated to be less 
than 200° F. When in doubt as to the cleanliness of sur- 
face, take no chances; sand-blast again. 


METALLIZING OF PUMP RODS AND PLUNGERS 


Metallizing of pump rods and plungers has furnished 
some of our best examples of the savings to be made 
by the use of the metal-spray process. 


One refinery had been using 14-percent-chromium- 
stainless-steel plungers in a hot-oil pump. The rods 
were 60 inches long with an outside diameter of 5 
inches and an inside diameter of 334 inches, and when 
new cost $300. These rods now are being made of low- 
carbon-steel tubing metallized with high carbon steel. 
The total cost is approximately $90, broken up as fol- 
lows: 
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Experience indicates that the life of the metallized rod 
is as long, or longer, than that of the stainless-steel rod. 

For a hot-oil pump at another refinery, new low- 
chromium-alloy-steel plungers, with an outside diameter 
of 33% inches, an inside diameter of 134 inches, and 60 
inches long, cost $126 each. These plungers were badly 
scored in one year of service. Three years ago a set of 
these. plungers, too badly scored for further use, was 
built up with high-carbon steel by metallizing at a total 
cost of $53.50 each. The re-built plungers were in per- 
fect condition at the time of the last inspection, which 
represented 2/4, years’ service. 

It should be mentioned that in the smaller sizes the 





FIGURE 3 
Operator Building up Surface of a Worn Pump Plunger 
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cost of metallizing approaches that of new rods; and 
under certain circumstances the cost may be greater. 

At first we attempted to build up pump rods by cut- 
ting 32 shallow threads to the inch and metallizing with- 
out sand-blasting. This method was unsuccessful. Com- 
plete success was obtained using 12 threads per inch, 
sand-blasting, and then metallizing. 

The procedure employed in restoring a typical pump 
rod that has come into the shop for repair is as follows: 
Undercut rod 1/32 inch to 1/16 inch, depending on 
depth of scores. Cut 8 to 12 shallow threads per inch. 

Sand-blast to roughen the surface thoroughly and to 
render it 100 percent clean. This freshly sand-blasted 
surface must not be touched with the hand nor handled 
in any way before metallizing. 

The rod is chucked in the lathe and turned at a rate 
which will result in a peripheral speed of 30 feet per 
minute. The gun is supported 4 inches to 5 inches 
from the surface being metallized, and is moved laterally 
by the lathe carriage at a speed of 214 to 3% inches 
per minute. 

In the beginning three light passes are applied the full 
length of the rod. The metal feed to the gun then is 
increased to a maximum deposit rate of 3 to 4 pounds 
of metal per hour. 

The rod is built up to an oversize of 1/16 inch total 
diameter to take care of low spots. The total thickness 
used on an average rod will vary from 5/32 to 3/16 
inch on the total diameter. The rod finally is ground— 
not machined—to finished dimensions. 

It has been found essential that, when metallizing a 


The Solutizer Process 


pump rod, the work be continuous; i. e., the metallizing 
should be done immediately after sand-blasting; and 
once started, between coats it must not be left over- 
night nor for any other appreciable length of time. Any 
deviation from this rule invites failure. 


COSTS 


Our first aluminum metallizing cost approximately 80 
cents per square foot of surface coated. A typical break- 
up of charges on a 400-square-foot project is as fol- 
lows: 
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Current aluminum applications are being made at a 
unit cost of from 70 to 75 cents per square foot. Ob- 
viously, the cost of metallizing small areas is higher. 
For example, repair work will cost from $1.10 to $1.15 
per square foot. 

The cost for spraying the other metals will vary— 
depending on thickness of coating, cost of sprayed 
metal, and extent of surface covered. For example, we 
have applied lead coatings for as low as 70 cents per 
square foot—although the cost of 18-8 stainless-steel 
metallizing has been as high as $2.25 per square foot. 


(Continued from page 176) 





and Newton* has resorted recently to the diazo reaction 
in an attempt to achieve this result. 

With regard to the solutizer process, this apparent 
difficulty is overcome readily by using a mixed solutizer 
solution containing both isobutyrate and alkyl pheno- 
late salts, and the treated gasoline then has a definite 
alkyl-phenol content, i. e., that which is in equilibrium 
with the alkyl phenolates in the solutized caustic phase. 
This is illustrated by laboratory data presented in 
Table 4. 

The mixed solutizer solution has been tested in the 
pilot plant, and appears to be suitable also for com- 
mercial application. If the incoming gasoline has a high 
alkyl-phenol content, it is feasible to pre-treat first with 
fairly strong sodium hydroxide (15 to 40 degrees 
Baume) in order to remove the bulk of the alkyl phenols, 


TABLE 4 


Effect of Solutizer Treatment on the Removal of Natural 
Inhibitors from an Acid-treated Full-Range Cracked Gasoline 








Induction Period 
of the Treated 





Gasoline at 
100 ° C. and 
Type of Solutizer 100 Lb. Oxygen* 
Solution Used (Hours) 
Negi IID oo ose-d cnc'n 0a N-dais svae bru 0b Shes tba sk the 6.00 
ee SEE OTOL EP TOT TOY aay ete oe ene 0.33 


Isobutyrate—alkyl-phenolate solutizer.................-- 4.08 








* The induction period serves as a measure of the natural-inhibitor content of 
the gasoline. 
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and these then may be recovered separately and utilized 
as gum inhibitors or for other purposes. If the incom- 
ing gasoline, however, contains no alkyl phenols (which 
is the case for straight-run products and for cracked- 
gasoline fractions with an end point below approxi- 
mately 300° F.) it appears advantageous to use only 
isobutyrate as a solutizer. No oxidation inhibitors are 
required with straight-run materials; and the low-boil- 
ing cracked fractions may be inhibited following the 
solutizer treatment, or they may be blended with a gaso- 
line which does contain inhibitors. 


PRESENT STATUS OF THE PROCESS 


In conclusion, it may be said that the solutizer process 
has reached the stage, both in the laboratory and in the 
pilot plant, where it is ready for commercial application. 
At the present time a full-scale plant with a daily capa- 
city of approximately 7,000 barrels is being designed to 
sweeten a high-sulfur cracked-gasoline fraction initially 
containing 0.36 percent mercaptan sulfur. 
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Lighting of Refineries and 


Refinery Equipment 


L. E. PRIESTER 
The Texas Company, New York 


M’x* people not familiar with refinery operations 

are of the opinion that due to the highly-flam- 
mable liquid handled, every location within a refinery 
constitutes a definite fire hazard, but such is not the case. 
A refinery may be divided into three classes, viz.: non- 
hazardous, semi-hazardous, and hazardous locations. 
Each of these classes will be considered in further de- 
tail later in this discussion. 


NON-HAZARDOUS LOCATIONS 


In general, all lighting systems should be installed in 
accordance with the latest edition of the National Elec- 
tric Code, and should comply also with any local code or 
ordinance whenever such inspections are required. Con- 
duit wiring should be adhered to for permanent installa- 
tions, inasmuch as this type of installation will meet the 
necessary requirements for all three classes of locations. 

Lighting panels should be located as near as is prac- 
ticable to the load centers. The number of branch cir- 
cuits and the number of outlets per circuit should be 
governed by local conditions, wherein provision should 
be made, in event of circuit failure, for a reasonable 
amount of illumination. 

At some locations the range of intensity generally 
considered to be good practice is: 

For office lighting, from 25- to 35-foot candles. 

For control rooms, from 10- to 15-foot candles. 

For pump houses, from 5- to 10-foot candles. 

For platforms and walkways, from 1- to 2-foot 
candles. 

There are numerous locations in a refinery that could 
be given ratings other than those mentioned, but these 
will serve to indicate the amount of illumination that is 
considered good practice. 

At some locations, a combination of small lighting 
units used in conjunction with floodlights provides satis- 
factory illumination when a large area is lighted. The 
individual small units serve to dissipate sharp shadows, 
which is one of the prime requisites of good illumina- 
tion. 

Lighting fixtures should be cleaned periodically, re- 
gardless of type or location; as this will increase mate- 
rially the efficiency of the individual lighting units. 

Series or multiple yard lighting, floodlighting, or a 
combination of these will provide suitable yard lighting 
for roadways, tank farms, and similar non-hazardous 
areas. When a large number of lighting units is in- 
volved, it no doubt will be more economical to install a 
series lighting system with centralized control rather 
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‘Ts subject of adequate lighting for refineries 

and refinery equipment is rather broad, and no 
attempt will ke made to cover this subject in detail. 
The scope of this article will be limited in a very 
general way as to what is considered good practice 
from the standpoint of efficient illumination in 
refineries, with due consideration being given to 
safeguarding of persons from electrical hazards 
and protection of buildings and equipment from 
possible fire or explosion hazards. 

This paper was presented at Ninth Mid-Year 
Meeting, American Petroleum Institute, at the 
Roosevelt Hotel, New Orleans, May 17, 1939. 
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than a multiple system with control switches scattered 
about the plant. However, the multiple system in some 
instances is satisfactory in small plants. 

Floodlighting of areas around operating units has 
been found to be very satisfactory, as well as economi- 
cal, when fairly good lilumination is required. Flood- 
lighting may be used to good advantage in other areas 
in which fairly good illumination is required, and little 
trouble is encountered due to shadows from other oper- 
ating equipment. However, as mentioned previously, 
smaller units can be used readily to eliminate sharp 
shadows. 

In the past few years there has been a large improve- 
ment in the design of fixtures for office lighting. Several 
manufacturers have placed on the market various types 
of indirect and semi-indirect lighting fixtures which are 
very satisfactory for office lighting. These indirect light- 
ing fixtures give good distribution and a minimum 
amount of glare—both very essential features for good 
office lighting. 

Open-type industrial fixtures of the approved design 
may be used in non-hazardous areas, such as in ware- 
houses or boiler houses, and on certain operating units 
that do not handle highly-flammable products. 











SEMI-HAZARDOUS LOCATIONS 


_In some instances it is difficult to make a definite de- 
cision as to whether a location should be considered 
hazardous or semi-hazardous, due to the kind of prod- 
ucts handled, or on account of close proximity to oper- 
ating units handling fiammable products. 


Although it is realized that explosion-proof lighting 
systems require a considerably higher investment than 
regular vaporproof installations, if there is any possible 
question about whether a location is hazardous, the 
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higher investment is considered justified. With a vapor- 
proof installation it is necessary to maintain properly 
the gaskets and globes in order to be safe for even a 
semi-hazardous location. 


It is the opinion of some in the industry that vapor- 
proof fixtures, when mounted at a suitable height above 
ground, would be satisfactory; for it is the theory that 
vapors have a tendency to remain near the ground, and 
at higher altitudes better circulation of air is obtained 
and vapors are dissipated. Conduit systems for yapor- 
proof installations should be sealed properly in order 
to prevent gases from entering enclosures such as 
switches, lighting fixtures, etc. 

It is necessary from time to time to make a decision 
as to replacement of vaporproof lighting fixtures with 
a complete explosion-proof system at certain locations 
that may be regarded as hazardous. In most cases the 
original vaporproof installations have been in service 
for years without any trouble being experienced. It is 
difficult to reach a decision as to whether the new in- 
vestment is justified, even though it is conceded that 
the location is considered hazardous. Such installations 
should receive individual consideration by a safety com- 
mittee. If a location actually is considered a definite 
hazard, a complete explosion-proof system should be 
installed ; otherwise such changes and alterations should 
be made in order to reduce the fire hazard to a mini- 
mum. 


The explosion-proof line of fixtures and fittings has 
been developed quite extensively in the past several 
years. Most of this equipment bears underwriters’ labels 
for class I, group D, service. Explosion-proof lighting 
fixtures are inefficient from the standpoint of optimum 
lighting. This is due to the type of construction neces- 
sary to meet the requirements for this class of service. 
As a result, larger-wattage fixtures or more units should 
be installed in order to obtain a foot-candle output com- 
parable with the open-type fixtures. 

Lighting panels for hazardous locations should be of 
a design suitable for class I, group D, service. Sealing 
condulets should be installed on each side of arcing 
parts, and lighting fixtures should be equipped with seal- 
ing compartments. This arrangement will prevent gases 
from following the conduit system to enclosures having 
arcing contacts. 
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HAZARDOUS LOCATIONS 


There are quite a few locations in a refinery such as 
steam stills, light-oil agitators, stabilizers, control houses, 
etc., that are considered hazardous locations. At these 
locations it is recommended definitely that an explosion- 
proof lighting system be installed. There are some loca- 
tions that might be considered border-line cases as to 
whether they should come under the classification of 
hazardous or semi-hazardous locations, and in that 
event the decision should be made by some safety com- 
mittee. Inasmuch as the item for lighting on these proj- 
ects is usually very small as compared with the total 
investment involved, it might be considered good prac- 
tice to make an explosion-proof installation whenever 
there is any question of doubt. Such installations have 
the added advantage that if conditions should develop 
later wherein the location might be considered as defi- 
nitely hazardous, the explosion-proof installation ade- 
quately will meet the requirements. 


Some mention should be made at this time of the use 
of portable lamps in hazardous or semi-hazardous loca- 
tions. This practice should be discouraged as much as 
possible, due to the hazard involved. Regardless of the 
care taken in providing proper materials for extension 
cords, there is always the question of the human ele- 
ment, as well as the chance that such equipment may 
become unsafe shortly after having been placed in 
service. 

The use of low voltage for extension-cord service is 
favored by some companies—more from the standpoint 
of safeguarding against personal injury than from an 
explosion or fire-protection angle. 

CONCLUSION 

In conclusion, it might be stated that these remarks 
have been more or less general in regard to lighting of 
refineries and refinery equipment. In order to obtain 
the best: installation from the standpoint of adequate 
distribution and minimum glare, it is necessary to design 
the lighting facilities for each individual operating unit 
separately, as each installation presents separate and 
distinct problems. The first question to decide before 
starting actual design is under what classification a par- 
ticular installation comes, and then proceed with the 
design in accordance with good practice—both from the 
standpoint of distribution and the selection of materials 
for particular service requirements. 
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Measurement and 


Regulation of Production 
from Unusually High Pressure Gas Wells 


j. Jj. 


CARTER and C. E. WEBBER* 


Humble Oil & Refining Company 


HE measurement of high-pressure gas will be 

discussed in two parts. The first part will deal 
with the measurement of a dry gas which, if subjected 
to moderate changes in temperature and pressure, will 
still remain a gas. The second part will consider the 
measurement of a wet gas which carries some en- 
trained liquid and would yield a distillate upon re- 
ductions of temperature and pressure. 

Dry-gas measurement does not present the diffi- 
culties that are involved in wet-gas measurement and 
will be discussed first. Dry gas at extremely high 
pressures can be metered accurately in a manner 
similar to gas at low pressures. The only difference 
is in the magnitude of the gas law deviations. The 
specific gravity of the gas can be determined by the 
conventional gravity balance method. Coefficient 
correction factors are available in all meter books. 


GAS LAW DEVIATION 

As we all know, hydrocarbon gases at high pres- 
sures do not obey Boyle’s law. The deviations be- 
come very large in certain cases and cannot be neg- 
lected in computing orifice coefficients. The com- 
pression of a gas at constant temperature causes an 
increase in its density. The actual increase is greater 
than that calculated from the gas laws. Because the 
actual density is greater than the calculated value, 
the resulting actual volume is less than that calcu- 
lated by Boyle’s law. This deviation in density is a 
maximum in the vicinity of 2500 pounds per square 
inch and above that decreases to almost nothing in 
the vicinity of 5000 pounds per square inch. 

Conversely, a gas which has already been com- 
pressed at high pressures, will, upon expansion at 
constant temperature, give a volume larger than 
that expected from calculations by Boyle’s law. This 
deviation can be corrected by a factor which we 
commonly call in gas measurement, the super-expan- 
sibility factor. The reciprocal of this super-expansi- 
bility factor can be referred to as the super-com- 
pressibility factor. A series of curves (Figure 1) for 
the super-compressibility factor for pure methane 
are shown. Naturally-occurring hydrocarbon gases 
follow this general trend of curves. The magnitude 
of deviation depends upon the composition of the gas 
because the heavier hydrocarbons have higher com- 
pressibilities. It can be seen from the curves that 
temperature has quite a pronounced effect upon 
these compressibility factors. 

As previously mentioned, a gas which has been 
compressed to a high pressure, upon expansion at 


*Presented at Southwestern Gas Measurement Short Course, Uni- 
versity of Oklahoma, Norman, Oklahoma, April 22, 1939. 
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constant temperature, results in a volume larger 
than would be expected. The gas, therefore, acts as 
if it were originally under a higher pressure than that 
used in computing its volume from Boyle’s law. The 
basic orifice equation is: 


Q. = C’ Vhw Pr 


Where— Qn = Volume of gas per unit time. 
C* = Orifice factor made up of general cons- 
tants. 
hw = Head in inches of water. 
P; = Absolute pressure of flowing gas. 


Since the gas behaves as if it were under some 
higher pressure, a correction factor must be applied 
to raise the actual pressure (P;) to this higher effec- 
tive pressure. This factor is usually called a “Y fac- 
tor” and it is the reciprocal of the value Z shown 
on the deviation curves for methane: 


1 PV 
Y= — Where Z = 
y A PoV: 





The common procedure adopted in the orifice meter 
books is to apply this “Y factor” to P; as a separate 
correction factor. Since the pressure, P;, appears 
under the square-root radical, any correction will 
naturally be a square-root factor. Therefore, the 
square root of Y is introduced as a separate correc- 
tion and is usually denoted by F,, in the orifice- 
meter equation. 

Several methods can be used for determining the 
Value Z and, in turn, the value F,,. The most con- 
venient method for dry gas is that devised by H. S. 
Bean.’ In his procedure, a gas to be measured, is 
compressed in a cylinder to the desired pressure and 
maintained at line temperature. A dead-weight tester 
is used to measure the pressure of the gas in the 
cylinder. “After a sample of the gas has been col- 
lected at high pressure in a steel cylinder of known 
capacity, successive small portions of the sample are 
withdrawn into a glass burette where their volumes 
can be determined at atmospheric pressure. This is 
continued until the whole sample has been reduced 
to atmospheric pressure, and the sum of all the vol- 
umes at atmospheric pressure is then compared with 
the volume to which the initial known volume of gas 
would have expanded if it had been reduced to at- 
mospheric pressure in accordance with Boyle’s law.” 
A curve of Z versus pressure can be plotted. 

For greater speed and convenience, in our own lab- 
oratories, we measure the expanded gas in a very 
accurate wet-test meter instead of in the burettes. 
The general procedure is substantially the same as 
that devised by Bean except that a water vapor 


Refiner & Natural Gasoline Manufacturer—V ol. 18 No. 5 








IDEAL GAS 







































































WwW 
= 
- 
aw 
° 
F 
a 
> 
a 
nN 
3000 
PRESSURE - LBS. PER SQ.IN. ABS. 
FIGURE 1 
12, 4 ee Se Saas Ser ee + , es See ae earneneaceveseengametanenns “+ a = > + a 
un _... DEVIATION FROM_ PERFECT 
oe | temperature - 20° 









a9, 


t 


° 
@ 







"Tt 


° 
~ 


Z= PV/PV, OF THE IDEAL GAS 


' 
° 





2000 3000 
PRESSURE - LBS. PER SQ. IN.ABS. 
FIGURE 2 


5 May, 1939-—-A Gulf Publishing Company Publication 207 

















pressure correction is necessary. A deviation curve 
obtained in this manner (Figure 2) is shown on a 
residue gas of 95 percent methane, 3 percent ethane 
and 2 percent propane. 

W. K. Lewis’? showed that it was possible to cor- 
relate the deviations of pure hydrocarbon gas as 
functions of reduced temperatures and pressures. 
Curves of this correlation are published. Kay® de- 
veloped for gaseous hydrocarbon mixtures, a concept 
of pseudo-critical temperatures and presures from 
which, with the generalized correlation of Lewis, 
it is possible to calculate the deviations of naturally 
occurring hydrocarbon gases from their analyses. 
Expasibility factors compiled from these data are 
good in the absence of exact experimental data and 
can be used where it is impossible to actually deter- 
mine the Z versus pressure curves. 

Sage and Lacey* have determined the compres- 
sibility factors Z for a natural gas of the following 
composition (Figure 2): 





Nitrogen 1.50 
Carbon Dioxide .60 
Methane 87.78 
Ethane 3.82 
Propane 3.36 
Iso-Butane 74 
N-Butane 1.26 
Iso-Pentane 38 
N-Pentane .26 
Hexane .30 

100.00 


The deviation factors for this gas are greater by 
an appreciable amount than those for pure methane. 
They are also greater than those for the residue gas 
which we determined in our laboratory. The differ- 
ence in factors are thus dependent enough upon the 
composition of the gas to warrant their experimental 
determination for the gas in question. This is es- 
pecially true where very accurate measurement is 
desired. 

The above discussion deals with the measurement 
of gas by an orifice meter. It might be mentioned at 
this point that very good results are being obtained 
in certain places in recycling plants by letting the 
cylinders of the compressor act as a displacement 
meter. The particular installation in mind injects 
dry residue gas back into the formation at a pressure 
in the neighborhood of'3500 pounds per square inch. 
Pulsation in the flow line make orifice metering 
impossible. 

An instrument has been placed on the compressor 
which records the strokes of the cylinders. From 
shop data, the compressor manufacturer has worked 
out a displacement volume for the pistons per stroke. 
Thus, an engine making a given number of strokes 
or revolutions a day displaces a definite given volume 
of gas. This gas volume at operating temperatures 
can be converted to its volume at 60°F. and also to 
any desired pressure base by suitable super-expansi- 
bility factors. In such a case, the Y factor is applied 
directly to the volume displaced instead of the square 
root of Y as in orifice meter work. 

The gas volume measured in this way has been 
periodically checked against the metered volume of 
the compressed gas after it has been expanded to 
atmospheric pressure, the expansion eliminating all 
pulsation. So far, the operators are pleased with their 
results. There is no definite information concerning 
the actual accuracy of such measurements. This 
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would depend almost entirely on the conditions of 
the piston rings and cylinder walls of the compres- 
sors. 

WET GAS 

The problems encountered in measuring wet gas 
are numerous and in many cases, hard to combat. In 
1932, Dr. W. N. Lacey stated that the distillate ob- 
tained from a well which is now referred to as a gas- 
distillate well, might actually be a gas in the reser- 
voir. The large amount of work which has since been 
carried out substantiates this view, and it is now 
known that this distillate was originally a part of 
the gas phase within the reservoir. 

Before discussing the metering of gas from a well 
of the gas-distillate type, a study of the causes and 
effects of liquid condensation from the gas will be 
given. 

A brief explanation of the phase relations of a 
sub-surface gas (Figure 3) may aid in understanding 
the behavior of a gas when subjected to changes in 
pressure or temperature. This diagram is not exact 
in its dimensions, but merely shows a general trend 
toward which naturally occurring hydrocarbon mix- 
tures adhere. Definite experimental curves have been 
published by Lacey and his co-workers* and from 
his data together with that by Kay® and Katz® we 
can arrive at some conclusion as to the shape of the 
diagrammatical relations of a complex hydrocarbon 
system. The portion of the curve AC is the boundary 
between the single phase or liquid region and the 
two-phase or vapor and liquid region. This line is 
the vapor pressure or bubble point line. The line CB 
is the boundary between the same two-phase region 
of vapor and liqud on the inside and the single phase 
vapor region on the outside. This line is called the 
“dew point curve.” At the point C, we have the crit- 
ical point where the properties of the vapor and the 
liquid become continuously identical, and they can- 
not be distinguished from each other. 

We now have three sections of this diagram: above 
the line AC is liquid; to the right of C and outside 
of CB is pure vapor; and, inside the line ACB is a 
mixture of vapor and liquid. The dotted lines repre- 
sent the percentage of liquid in the liquid-vapor 
region. 

Wells of the type exemplified by the Texas Pan- 
handle district would have reservoir conditions fall- 
ing to the lower right of the dew-point curve CB, 
shown by the point X?. As can readily be seen, any 
change in pressure would not affect the phase be- 
havior of this fluid because throughout any pressure 
range at the given temperature the fluid always re- 
mans a gas. Any appreciable temperature reduction 
would, however, cause the condensation of liquid be- 
cause the conditions would then fall to the left of 
the dew-point curve CB and would lie in the two- 
phase region. Practically all of the recent gas wells 
in the Texas and Louisiana Gulf Coast produce liquid 
and are of the type shown by the point X. 

We have recently learned that wells of the gas- 
distillate type contain, in the reservoir, a gas which 
from subsurface temperature and pressure measure- 
ments, is shown by a point X or on the upper portion 
of the line CB. If the pressure on this gas is allowed 
to drop, it will cause the condensation of liquid be- 
cause the pressure will now be at a point P which 
is in the two-phase region. This condensation of 
liquid is called retrograde condensation. A reduction 
of temperature of the gas will also have the same 
effect because we would drop to a point T which is 
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also in the two-phase region. A combination of these 
two factors, pressure and temperature reduction, re- 
sults in a condition shown by Y and is therefore to 
be avoiled in all cases if we expect to have a true gas 
flowing from the well head. 

Of course, it is impossible to flow a well without 
some reduction of pressure of temperature from that 
in the subsurface formation and consequently most 
wells do carry a certain small amount of entrained 
liquid. The amount of this entrainment which can 
in some cases cause slugging, will depend upon mag- 
nitude of the pressure and temperature reductions. 

For this reason, we think it is very advisable to 
install chokes downstream from the meters. Such a 





Pressure 








vapor which would be .56 cubic feet per 100 cubic 
feet of residual gas. The error thus involved is 


100 « .56 


100.56 
Such an error could not be considered appreciable. 


Whether or not a small amount of liquid entrain- 
ment actually interferes with the correct flow of a 
vapor through an orifice, is a subject for considerable 
thought. We must, however, keep in mind that at 
pressures near 3000 pounds per square inch the phys- 
ical properties of the gas begin to approach those of 
a liquid, and it does not seem probable that so small 
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procedure will result in a minimum of retrograde 
condensation and the fluid passing thhrough an ori- 
fie will very nearly have the properties of a true gas. 

An anlysis of the distillate trapped out of the flow 
line of a well enables us to calculate the error in- 
volved as a result of retrograde condensation. 


Mol. % 

Methane 29.50 
Ethane 4.33 
Propane 5.24 
Iso-Butane 2.37 
N-Butane 4.05 
Iso-Pentane 3.67 
N-Pentane 2.44 
Hexane 10.22 
Heptane + 38.80 
100.00 


Assuming that we obtained .2 gallons of liquid 
of the above composition, we can convert it to actual 
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a volume of liquid entrainment could appreciably 
interfere with measurement by the orifice. 

If gas from a gas-distillate well is passed into a 
gravity balance, liquid will condense in the balance 
and connection lines due to the drop in pressure. 
The results of any specific gravity balance determi- 


FIGURE 4 
Separator Pressure—Pounds Per Square Inch 


1400 lbs. 2000 lbs. 2400 Ibs. 











Methane 92.00 91.04 91.02 
Ethane 5.87 5.48 5.00 
Propane 1.05 1.70 1.70 
Iso-Butane .28 43 45 
Butane .29 48 53 
Iso-Pentane .10 17 30 
Pentane .09 17 17 
Hexane 15 21 .40 
Heptane 17 32 43 
100.00 100.00 100.00 
Calculated Sp. Gr 612 632 642 
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nation will, therefore, be low, depending upon how 
much liquid has condensed. An example of such an 
error is shown by, the following. These analyses 
are of gases from a separator while it was operating 
at various pressures. The temperature in all three 
cases was very nearly the same. 

The variation shown in the specific gravities of the 
gas will result in quite a difference in F, factors in 
the orifice coefficient. For very accurate measure- 
ment, a hydrocarbon analysis of the gas would, per- 
haps, enable us to calculate the specific gravity to a 
greater degree of accuracy than could be determined 
in the balance. 

The same errors are involved in determining the 
expansibility factor for a gas of this type. Liquid will 
condense in both the high-pressure cylinder and in 
the burette as the gas is expanded for measurement. 
A little different method can be used here for arriv- 
ing at an F,, factor. 

If we obtain a sample of gas in a cylinder of known 
weight and volume at flowing conditions of temper- 
ature and pressure, we can weigh this sample and 
determine its density. Since a gas which is com- 
pressed has a higher density than that calculated 
from Boyle’s law, we can compare this density with 
the density of the gas at atmospheric pressure and de- 
termine the super-compressibility factor (Z), but the 
density of the gas at atmospheric pressure must be 
calculated from a hydrocarbon analysis of the high 
pressure gas. 


Density Calculated from Analysis 





Actual Determined Density 


Then, again we can apply the correction factor as 
before, where 

ra = V¥ ¥ =y 1 
Z 

The determination of the F,, factor and also the 
F, factor by this method, involves a hydrocarbon an- 
alysis together with a density determination. Both 
the equipment and time consumed are expensive. 
Where an operator is buying gas from a lease, lab- 
oratory expenditure for these determinations could 
actually amount to more than the gas is worth. For 
this reason, in such cases, the economics of such pre- 
cision should be considered carefully and the pro- 
cedures adopted should be agreed upon by contract. 
The parties concerned could determine the probable 
magnitude of all errors and decide upon some desir- 
able optimum precision. 

In studying the behavior of a complex hydrocar- 
bon mixture from the phase diagram, we readily 
agree that for proper measurement only those pres- 
sure drops over which we have no control, are to be 
tolerated. For that reason we should install chokes 
for pressure regulation on the downstream side of 
the orifice meters. 

In some locations, it is desirable to use subsurface 
chokes down inside of the tubing. Any cooling effect 
which would cause freezing is thus taken care of by 
the high formation temperatures. Heaters in the flow 
line are in this way eliminated unless the pipe after 
leaving the well head is exposed to low atmospheric 
temperatures. Subsurface chokes can be installed or 
removed by the use of a special tool fastened to the 
end of a wire line which is lowered down through 
the Christmas tree. 
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Surface chokes are either of the positive or ad- 
justable type. A positive choke is nothing more than 
a smoothly bored nipple of a definite inside diameter. 
They are placed right in the flow line from the well 
and are easily removed or replaced. An adjustable 
choke is a very large needle valve with a lock nut 
for holding it to a definite opening. This type of 
choke is very well suited to regulate a flow of gas 
which will be variable. 

It is good practice to have one choke, either a pos- 
itive or adjustable, right at the Christmas tree and 
another downstream from the meter. The first choke 
is a safety precaution and is of sufficient size to 
cause no pressure or temperature drop at the desir- 
able flow rates but would keep the well from flowing 
wide open in case of a break somewhere in the flow 
line away from the well. The second choke then 
serves to regulate the actual flow of gas from the 
well. It may or may not be necessary to install a 
heater, depending upon how large a pressure drop is 
allowed on the gas. 

Curves showing the resultant refrigeration effect 
due to pressure reduction of a gas are available. They 
have been compiled from actual experimental data 
and serve very well in determining whether or not 
heaters are necessary. They can also be used to esti- 
mate the size of heater necessary. 


METER INSTALLATIONS 


The meter installations for dry gas are of the con- 
ventional type. In only a few cases where extreme 
weather conditions prevail, hydrate freezing is ex- 
perienced but this can usually be eliminated by seal 
pots filled with either water anti-freeze solutions, 
or water glycerine solutions. The latter seems to 
work well where rather sudden pressure changes 
might blow the liquid from the seal, the only advant- 
age being in an increased viscosity of the sealing 
liquid. 

Where a gas carries only a small volume of en- 
trained liquid and is warm enough to prevent freez- 
ing, we have installed small traps in the meter con- 
nections. These traps contain no sealing liquid and 
serve only to catch entrainment and keep it out of 
the mercury chambers of the meter. If a gas carries 
a considerable volume of entrained liquid, the meter 
installations are more complicated. Traps of sufficient 
size to catch all of the entrainment would be too 
large. Seal pots are thus installed to keep the dis- 
tillate and salt water out of the mercury chambers. 
These pots are filled with some suitable fluid. 

A drawing of a meter installation for such a con- 
dition is shown in Figure 5. The seal pots should be 
of such size that the sealing liquid level will not vary 
more than 44-inch. Connections should be of 4-inch 
pipe. Horiztonal pots seem to hold the sealing fluid 
better because the up-and-down movement is less 
for a given pressure change across the orifice. Wells 
which slug liquid material cause sudden pressure 
changes and large horizontal pots seem to be the 
best solution for this problem. 

On several of our wells, we have built small 
houses which extend down to the ground, completely 
surrounding the meters, harness and flow line. 
Freezing trouble was experienced previous to the 
housing, and by the use of the-house, we were able 
to eliminate seal pots. Traps to catch entrained 
liquid were all that was necessary. 

In measuring wet gas around 2500-3000 pounds 
per square inch, temperatures of less than 70-75° F. 
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cause trouble. It is rather difficult to determine the 
exact point from curves of the type published by 
Hammerschmidt’? and by Deaton and Frost®, the 
pressure range of these curves being too low. Liquid 
entrainment, both distillate and salt water, render 
it difficult to determine the exact point of hydrate 
formation. Again, it should be mentioned that the 
best way of eliminating hydrate formation is to elim- 
inate choking between the well head and the meter 
and thus utilize the heat of the formation. In all of 
our installations, we utilize vertical runs with the 
necessary length of straight pipe above the orifice 
flange. This pipe contains straightening vanes meet- 
ing the A.G.A. requirements in Gas Measurement 
Committee Report No. 2. The greatest dimension 
(d) of the inside cross-section of the passage through 
the vanes shall not exceed one fourth the inside 
diameter (D) of the pipe. The length of the vanes 
shall be at least ten times the dimension (d). Wheth- 
er or not these sized vanes are best suited for gas 
measurement in the presence of liquid is not for us 
to say. If any experimental work is carried out where 
the actual impingement of the liquid particles against 
the orifice could be seen, a different type or sized set 
of vanes might be recommended. We have done no 
work on this subject and can, at this time only refer 
to the above specified vanes. These vanes will not 
only serve in assuring viscous flow of the gas as it 
approaches the orifice, but also would disperse en- 
trained liquid and cause it to impinge upon the ori- 
fice in a finely divided state. We feel that the harm- 
ful result of entrained liquid is minimized by these 
vanes. 


In vertical meter runs, all liquid will pass the ori- 
fice and be carried on through the line. A procedure 


(1).__Safety Choke 
(2)___Straightening Vanes 
(3)___Orifice Flange 











similar to that employed in wet-steam measurement 
might yield satisfactory results in horizontal runs. 
A weep hole at the base of the orifice plate permits 
the passage of the liquid without allowing it to build 
up in the line above the plate. The selection of the 
proper size weep hole, however, is somewhat of a 
problem in this type of meter run. If the weep hole 
is too large, enough gas could possibly pass through 
it to result in an overall error of measurement greater 
than by eliminating the weep hole. On the other 
hand, if the weep hole is too small, liquid will bank 
up against the orifice plate. Vertical meter runs, 
therefore, seem almost the only solution. 

Special emphasis should be placed upon the im- 
portance of having a leak-proof system in the meter 
connections. Any leak, however slight, results in the 
formation of ice. The constant freezing and thawing 
can change the differential on the meter reading. 
This is especially true with respect to the packing 
gland around the pen arm shaft. 

The authors wish to express their appreciation to 
Mr. A. F. Benson of American Meter Company and 
to Mr. S. E. Buckley of Humble Oil & Refining 
Company for their helpful suggestions and to the 
Humble Oil & Refining Company for permission to 
publish this paper. 
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Individual Automotive Type Engine 


Drives in Gasoline Plant Service 


NTIL about two years ago, Skelly Oil Company 

used line shaft drives for auxiliary equipment in 
gasoline plants not provided with electric machinery. 
At about that time, experiments were conducted with 
small automotive engines, attached principally to 
stand-by water pumps to determine if this type of 
power could be successfully used in plant service. 
The first installations were made in the company’s 
Fairfax, Oklahoma, No. 1 gasoline plant, using a 
Vv type eight-cylinder motor as a stand-by in the 
auxiliary room, and another of the same type at- 
tached to a centrifugal water pump to take the load 
during excessively warm days when insufficient 
water passed over the cooling tower with the regular 
equipment. 

When the two engines were first installed jacket 
cooling was furnished with water flowing from the 
centrifugal pump attached to the engine, but the 
accumulation of scale quickly fouled the small water 
ports in the heads, which caused difficulty in re- 
moving engine temperature. Water in the plant was 
treated to remove scale that might damage large 
engines, with large water courses, and was suffi- 
ciently free from mineral matter that little accumula- 
tion was encountered in the large machines. But with 
the small engines, turning up to about 1750 r.p.m., 
heating of the small parts was much more rapid 
and this resulted in cracked jackets and heads. 

To correct the difficulty, individual cooling sys- 
tems were installed, consisting of galvanized radia- 
tors and using the usual type of fans to furnish air 
passage through the fins and around the tubes. 
Certain minerals and chemical combinations in the 
water caused rapid corrosion of the galvanized units 
which were soon discarded and replaced with copper 
alloy and brass cooling units, with a small amount 
of chromate in the cooling water to prevent rusting 
and to inhibit corrosion of cast iron parts in the 
engines. 

After running these engines for some time with 
governors set to maintain speeds approximating 
standard centrifugal pumps with some difficulty en- 
countered with low output of water, the governors 
were set to a maximum of about 1800 r.p.m., allow- 
ing the engines to deliver sufficient speed that pumps 
handled rated volumes of water. So long as water is 
supplied to the suction of these centrifugal pumps, 
the engines turn up to about 1700 r.p.m., with no 
overheating observed since large capacity cooling 
units were installed. 

Originally designed to use liquid fuels, these en- 
gines were equipped with gas carburetors and obtain 
fuel from plant gas lines and are operated exclusively 
on this type of fuel. It is estimated that the equivalent 
of 15 cubic feet per housepower hour is consumed 
in ordinary operation, which results in economical 
power generation, when the load averages approxi- 
mately 35 horsepower delivered to the centrifugal 
pumps. 

It is estimated that these motors do work equiva- 
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lent to about 38 miles per hour, assuming that they 
were pulling an automobile over average type of 
roads. One unit has proved so satisfactory in water 
pumping service that it is operating continuously 
throughout the full 24 hours. 

Oil-bath air cleaners are used on these engines to 
remove abrasives from carburetor intake, which, 
evidently has been a contributing factor in obtaining 
satisfactory service. Lubrication of these motors has 
been given thoughtful attention, using the recom- 
mended SAE grades of premium motor oils, which is 
filtered continuously through a fullers earth-filled 
reconditioning unit. These units are mounted on the 
skid bases of the engines, attached to the usual oil 
filter lines, and reconditioned as frequently as neces- 
sary with new filter units inserted in the filter cases. 
A V type engine driving one of the centrifugal pumps 
has been operating without crank case drain, it is 
asserted, since July, 1937, adding oil only as the oil 
level falls below the full mark on the gauge stick. 

After the individual gas engines had demonstrated 
their efficiency in plant operation, several others 
have been installed at various plants in Oklahoma 
and in the Texas Panhandle. The water station that 
handles all plant and cooling water for two plants in 
Osage County is furnished with automotive type 
gasoline/gas engines and delivers uninterrupted serv- 
ice in this type of operation. At this company’s No. 2 
Fairfax, Oklahoma, gasoline plant, absorption oil is 
circulated through the plant with a rotary pump 
driven by a six-cylinder motor of popular manufac- 
ture, but as the pump operates at comparatively low 
speed, the engine is not called upon to turn-up to 
above 850 r.p.m. In this same plant, two additional 
units are installed which are attached to centrifugal 
water pumps for stand-by service. One engine op- 
erates when necessary, a 2000 g.p.m., 8-inch water 
pump, designed to turn up to 1455 r.p.m., while the 
other unit handles a 6-inch pump, designed to de- 
liver 1000 g.p.m. at a speed of 1450 r.p.m. with a 
head of 65 feet. 

These three engines are equipped with upper 
cylinder lubricators, oil filters and over-speed gov- 
ernors, with air cleaners on the carburetor intake and 
equipped with gas carburetors to take fuel from the 
plant piping on the same delivery system as the 
large, slow-speed engines used to handle gas. 

The engines as operated in these plants are ob- 
tained from authorized distributors of automotive 
equipment, and mounted on skid bases that are ar- 
ranged particularly for the engine that is to be used. 
Together with the skid bases and radiators, the 
engines are assembled in the plant, attached to the 
pumps which are necessary for service in handling 
circulating water for cooling or for absorption oil in 
the gasoline recovery system. Pumps are obtained 
without bases and attached to the engine assembly 
units by building up the skids as necessary. Flexible 
couplings are inserted betwéen the engine and pump, 
and these are covered with metal housings. 
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